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GbLC  Disposal  Operations 

31 

Leg  'v~t~  ~ai~. mon-itored  the  results  of  seven  disposal 

. . . . — f*  n't*'"  '»‘*J 

operations  involving  sediment  dredged  from  the  GBEC,.  This 
section  summarizes  the  results  from  the  four  operations  for 
which  there  are  sufficient  data  for  comparison  with  elutriate 
test  result  data.  A complete  description  of  the  experimental 
procedures,  dump  nomenclature , and  results  are  presented  in 
b&e  et  w t .3*  ^ r <'/’*•'*  h '■  Le«-  ^ ^ 

In  each  operation,  the  sampling  ship  was  positioned 
approximately  30  to  300  meters  downcurrent  from  the  dumping 
site.  The  physical  and  chemical  characteristics  of  the  water 
column  before,  during,  and  after  passage  of  the  surface  turbid 
plume  arising  from  the  dump  were  monitored.  The  sampling 
vessel  was  positioned  in  such  a way  that  the  center  of  the 
surface  turbid  plume  would  pass  directly  beneath  the  sampling 
boat.  The  presence  of  the  turbid  plume  was  indicated  by  a 
decreased  percent  transmission  of  the  water.  The  proximity  of 
the  sampling  vessel  to  the  point  of  discharge  enabled  a compar- 
ison of  the  turbidity  and  the  release  of  any  contaminants  for 
each  dump  monitored. 

The  total  depth  of  the  water  column  in  the  region 
of  the  monitoring  site  was  16  to  19  meters.  In  general,  sam- 
ples were  obtained  by  continuous  pumping  of  the  surface  (1  m) , 
mid-depth,  and  bottom  (approximately  1 meter  from  the  sediment- 
water  interface)  waters.  For  parameters  such  as  percent  trans- 
mission, D.O.,  pH,  and  salinity  measurements  were  made  with 
submersible  transducers.  Generally  the  transducers  were 
maintained  at  a fixed  depth  throughout  the  disposal  operation. 
All  disposal  operations  took  place  near  Buoy  D in  the  GBEC 
Disposal  Site.  This  buoy  was  used  as  a marker  for  the  loca- 
tion of  the  dump  site. 

Galveston  Dump  No.  3 

The  third  monitored  GBEC  disposal  operation  occurred 
at  14:30  on  August  28,  1975.  The  surface  turbid  plume  arrived 
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at  the  sampling  ship  at  14:34  and  passed  at  14:36.  Approxi- 
mately 1300  cubic  yards  of  material  dredged  between  Buoys  6 
and  8 were  disposed  of  during  the  dump.  The  sampling  boat 
was  located  about  200  meters  from  the  dump  site.  The  surface 
current  was  7 7 cm/ sec.  Near  the  bottom  it  was  on  the  order 
of  21  cm/ sec. 

Optical  properties.  Figure  86  shows  the  percent 
t rvi  n s in  x s ion  at  2,  9,  and  16  meters  following  Galveston  Dump 
No.  3.  The  presence  of  suspended  material  at  these  depths 
was  first  observed  4.8,  6.5,  and  4.0  minutes,  respect ivelv , 
following  the  disposal.  As  shown  in  Figure  86,  the  greatest 
turbidity  was  found  at  the  bottom  depth,  where  turbid  con- 
ditons  persisted  for  16  minutes. 

Dissolved  oxygen.  Dissolved  oxygen  data  for  Galves- 
ton Dump  No.  3 (Figure  87)  show  that  at  15  meters  there 
was  an  increase  in  D.O.,  approximately  0.6  mg/1,  just  alter 
the  dump  occurred.  Alter  the  surlnce  plume  arrived,  a D.O. 
decrease  of  1 mg/1  from  the  baseline  was  observed.  Ten  min- 
utes alter  disposal,  the  concent  rat  ion  ot  D.O.  returned  to 
the  pre-disposal  Levels. 

Heavy  metals.  Table  268  presents  the  water  column 
concentrations  of  heavy  metals  monitored  for  Galveston  Dump 
No.  3.  Soluble  manganese  and  lead  concent ra t Lons  at  1,  9,  and 
18  meters  increased  with  time  after  the  dump  occurred  and  re- 
mained elevated  after  the  plume  passed.  Dine,  iron,  and 
nickel  concentrations  increased  during,  plume  passage  but  de- 
creased atterwards  to  pre-disposal  levels.  There  were  no 
changes  in  chromium,  cadmium,  copper,  mercury,  or  arsenic  as 
a resuit  ot  this  disposal  operation. 

N i t rogen  compounds . Although  the  ammonium  concen- 
tration remained  essentially  the  same  tor  all  surface  and  mid- 
depth samples  in  Galveston  Dump  No.  3 (Table  269),  it  in- 
creased tour  to  five-fold  near  the  bottom  when  the  plume 
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oiicentrat  ions  : Galveston  Du»P  Mo. 


reached  the  sampling  ship.  Just  three  minutes  later,  when  the 
plume  had  apparently  passed,  the  concentration  at  the  bottom 
essentially  returned  to  the  detection  limit  of  the  analytical 
procedure  used.  Organic  N concentrations  in  the  surface  and 
mid-depth  waters  did  not  appear  to  be  affected  by  the  disposal, 
although  bottom  water  concentrations  increased  from  0.31  mg 
N/l  before  disposal  to  as  high  as  1.99  mg  N/l  after  the  sur- 
face turbid  plume  passed  the  sampling  site.  As  expected, 
disposal  apparently  had  no  effect  on  nitrate  concentrations. 

Phosphorus  compounds . Table  370  presents  the 
soluble  orthophosphate  data  for  Galveston  Dump  No.  3.  The 
greatest  increase  (53-fold)  in  the  soluble  ortho  P concen- 
trations occurred  at  the  9 m depth.  In  less  than  three 
minutes,  soluble  ortho  P returned  to  the  concentrations 
present  30  minutes  before  disposal.  There  appears  to  be  an 
inverse  relationship  between  soluble  orthophosphate  concentra- 
tions and  light  transmission.  The  data  seem  to  indicate  that 
soluble  ortho  P was  released  as  the  turbid  plume  of  dredged 
material  passed,  although  surface  concentrations  of  soluble 
orthophosphate  did  not  appear  to  change  during  this  disposal 
operation.  However,  no  surface  water  sample  was  taken  just 
prior  to  14:35,  which  is  when  the  turbidity  pattern  would 
have  indicated  an  increase  in  soluble  ortho  P concentrations , 
were  such  an  increase  to  occur. 

The  concentration  pattern  of  soluble  orthophosphate 
near  the  bottom  during  Galveston  Dump  No.  3 is  not  clear  be- 
cause ot  the  limited  number  of  samples  collected.  Concentra- 
tions appeared  to  rise  during  the  monitoring  period.  However, 
since  bottom  sampling  ceased  nine  minutes  after  the  dump,  it 
is  not  possible  to  determine  the  extent  or  duration  of  this 
increase . 

Organic  compounds.  Concentrations  of  soluble  TOC 
in  composite  samples  collected  before,  during, and  after 
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Galveston  Dump  No.  3 were  4.8,  5.1,  and  5.0  mg/1,  respectively. 
Data  on  soluble  TOC  in  the  third  dump  showed  no  significant 
change  at  the  95  percent  confidence  level  before,  during,  or 
after  passage  of  the  surface  turbid  plume.  The  soluble  oil 
and  grease  content  of  the  composite  samples  was  below  the 
detection  limit  (0.5  mg/1). 

Galveston  Dump  No.  4 

The  fourth  dump  that  was  monitored  occurred  at 
12:58  on  August  29,  1975.  The  surface  turbid  plume  arrived 
at  13:00  and  passed  the  sampling  boat  at  13:02.  The  distance 
between  the  sampling  vessel  and  the  dump  site  was  approxi- 
mately 30  meters.  The  surface  currents  were  found  to  be  ap- 
proximately 1 knot  (51  cm/sec).  Approximately  1100  cubic 
yards  of  material  dredged  between  GBEC  Buoys  1 and  3 were  dis- 
posed of  during  the  dump. 

Optical  properties.  Figure  88  shows  the  distribution 
pattern  of  material  for  Galveston  Dump  No.  4.  The  data  show 
that  the  suspended  material  was  present  at  each  depth  monitored 
(2,  8,  and  14  meters).  The  suspended  material  took  2.75,  3.25, 
and  2.25  minutes  to  reach  the  monitoring  location  at  surface, 
mid-depth,  and  bottom,  respectively.  As  in  Dump  No.  3,  tur- 
bidity was  greatest  near  the  bottom,  where  turbid  conditions 
persisted  for  ten  minutes.  The  Secchi  depth  was  2.5  meters 
both  prior  to  disposal  and  37  minutes  after  Galveston  Dump  No.  4. 

Temperature,  dissolved  oxygen,  salinity  and  pH. 

Table  271  presents  D.O.,  salinity  (specific  conductance),  and 
ph  data  for  Galveston  Dump  No.  4.  Figure  89  shows  that  just 
after  the  turbid  plume  arrived,  there  was  a drop  of  1.7  mg/1 
in  the  D.O.  concentration.  The  D.O.  returned  to  pre-disposal 
levels  ten  minutes  after  the  dump  occurred.  Table  271  shows 
that  there  was  no  significant  change  either  in  pH  values  or 
salinity  during  the  disposal  operations. 
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Hydro  lab  Data : Galveston  Dump  No . M > l n 'edgi 'd  Ha  i < ■ i ■ i . 1 1 ; 
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F i y ure  89 

Dissolved  Oxygen  Concentrations:  Galveston  Dump  No.  4 
Dredged  Material  from  Galveston  Bay  Entrance  Channel 
Buoys  1-3,  August  29,  1975 


lli\i YY  metal.  . Table  |>iv:;eiit.:i  tin*  Iumvv 

metal  result  . t rein  Dump  No . 4.  No  manganese  release  war.  ob- 

:■»'  rvod  in  da  I vest  on  Dump  No.  4;  in  tart  , manganese  concent  ru- 
t ions  appeared  to  dootvare  t award  the  end  ot  the  t unhid  plume 
passage,  possibly  because  ot  dilution  and.  or  pree  i p i t a t i on  . 
Sorption  ot  lead  and  i tie  apparently  a 1 no  oeeurred,  is  soluble 
oonoent ra t ions  o(  both  metals  decreased  during  plume  passage. 

hour  samples,  two  I rom  S meters  and  two  t rotu  1 4 
meters,  showed  increased  mercury  concent  rut  ions.  These  yu 1 ues 
ranp.ed  t rom  ll.OlO  to  0.04.4  Up./ 1 (il.lMl.t  up.  I was  observed  prii>r 
to  disposal).  These  higher  eoneentrat  ions  oci-urred  about  two 
minutes  alter  the  surface  turbid  plume  had  passed  the  sumptinp, 
local  ion.  Trunsm i ssome t er  data  (Figure  s s ) shows  that 
tin'  plume  was  still  present  at  the  S and  14  meter  depths  durinv 
this  t inti'.  Samples  taken  about  one  minute  later  showed  that 
mercury  levels,  had  returned  to  pre-disposal  concent  rat  ions. 
There  appeared  to  be  a slight  elevation  in  mercury  concent  im- 
t ions,  in  the  surface  waters,  but  this  was.  declining  at  the 
end  ot  the  monitoring  period. 

Nitrogen  poi'psunds  . The  results  ot  n i t t-ogen  com- 
pound analysis  tor  Dump  No.  4 are  presented  in  Table 
A sudden  increas.e  in  ammonium  concent  rat  ions,  in  the  surtuee 
and  mid-depth  water  sampler,  was  obsei'Y('d  at  1 .<  : 0 .' : 0 . A 
very  sharp  increas.e  in  organic  N conceit  t ra  t i on  (to  ’..'4  mg 
N / 1 ) was.  observed  in  the  surtuee  water  at  1 .1 : 0 : .!  0 , However, 
by  t>  minutes  alter  t ho  nurture  turbid  plume  passed  the 
sampling  ship,  conceit  t ru  t ions  decreased  and  seemed  to  stubili.u 
Organic  N eoneentrat  ions,  in  t he  mid-depth  water  almost 
doubled.  However,  by  1 0 minutes  alter  the  surlace  plume 
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max i ma . 

1’hespherus  i'v'iii|vuin!ii . 1'ata  in  Table'  > sliaw  that 
tin-  seluhle  art  I w ' 1’  aanae'ti  t ra  t i ens  ilurinp.  Pump  Na.  4 appe'are'il 
tv<  iiiv'ivase'  at  all  three  vlepths  ilurinp.  this,  vlispesal  ape'ra- 
tiv'ii.  Pv'in'e'ii  t ra  t i ens  i iiarrasesl  .'h  tv'  !<!>  tv'lvl  hut  re'tunie'vl 
tv'  amhii'iit  le'Ve'ls.  within  a 0 tv'  i<  minute'  pe>rie'vl.  I’he'Se'  in- 
v'fe'.lSe'Sv  v'v'v'lirre'vl  S.llal'tlv  atte'l'  a r.lpivl  vle'v't'e'.lSe'  ill  lip.ht 

t ransini  ss  i an  vlip.ure'  !'<!'!.  it  appears  that  the'  smallest 

t- .' 


Table  274 

Soluble  Orthophosphate  Concentrations:  Galveston 
Dump  No.  4 near  Buoy  D,  Dredged  Materials  from 
Galveston  Bay  entrance  Channel  Buoys  1 through  3 
(August  29,  1974) 


Time  of 
Collection 
(hr : min : sec 

) 

Depth 

(in) 

Soluble 

Orthophosphate 
(mg  P/1) 

12: 

: 54  : 

: 00 

14 

0 . 

,4  47 

12  : 

: 5 8 - 

- Dump  occurred. 

12  : 

: 59: 

; 30 

14 

<0  . 

,01 

13  : 

: 00  - 

- Surface 

turbid 

plume 

arrived  at 

sampling 

location. 

13  : 

: 00  : 

: 30 

1 

0 . 

,289 

13  : 

: 01 : 

: 30 

8 

<0. 

,01 

13  : 

: 0 2 • 

- Surface 

turbid 

plume 

passed 

sampling 

location . 

13 

02 

30 

1 

0. 

, 54  7 

13 

03 

00 

8 

0, 

,018 

13 

03 

30 

8 

<0. 

, 01 

13 

03 

50 

14 

0. 

, 254 

13 

04 

15 

8 

0 , 

,077 

13 

04 

30 

14 

0. 

,18  6 

13 

05 

30 

8 

0, 

, 261 

13 

06 

00 

14 

0, 

,013 

13 

06 

30 

1 

<0  , 

. 01 

13 

07 

15 

14 

0 , 

.012 

13 

09 

45 

14 

<0  , 

, 01 

13 

11 

30 

8 

<0, 

. 01 

13 

12 

15 

1 

<0. 

.01 

Concentration  based  on  one  analysis  of  one 


6 2 9 


sample . 


reduction  in  light  transmission  and  the  greatest  release  of 
soluble  ortho  P occurred  in  the  surface  waters.  The  sample 
taken  at  14  m at  12:54  also  showed  higher  concentration 
(0.447  mg  P/1)  of  soluble  ortho  P.  This  value  could  be  re- 
lated to  residual  effects  from  previous  dumps.  However,  the 
concentration  could  be  a spurious  point  , as  it  was  found 
prior  to  the  dump  and  most  baseline  concentrations  found 
were  not  that  erratic. 

Organic  compounds.  Soluble  TOC  concentrations  in 
composite  samples  from  the  fourth  dump  were  11.2,  2 3, and  9.8 
mg/1,  respectively  (before,  during,  and  after  the  turbid 
plume  passage).  Total  organic  carbon  in  composites  of  samples 
taken  before,  during, and  after  passage  of  the  surface  turbid 
plume  were  25.8,  38. 4, and  38.3,  respectively.  The  oil  and 
grease  and  soluble  oil  and  grease  content  for  these  composite 
samples  was  < 0.5  mg/1. 

Galveston  Dump  No.  5 

The  last  dump  monitored  near  Buoy  D on  August  29, 
1975,  occurred  at  14:27.  The  surface  turbid  plume  arrived 
at  14:28  and  passed  at  14:29.  The  sampling  boat  was  approxi- 
mately 80  meters  from  the  dump  site.  The  dredge  passed  be- 
tween the  sampling  boat  and  the  buoy,  disposing  of  1115 
cubic  yards  of  the  material  dredged  between  Buoys  1 and  3. 

The  pre-disposal  currents  and  other  conditions  were  identical 
to  those  for  Dump  No.  4. 

Optical  properties.  Figure  90  depicts  the 
turbidity  data  for  Galveston  Dump  No.  5.  Percent  transmis- 
sion was  monitored  at  2 meters  (surface),  8 meters  (middle), 
and  14  meters  (bottom).  The  suspended  material  took  one 
minute  (surface),  4 minutes  (middle), and  4.5  minutes  (bottom) 
to  reach  the  sampling  vessel.  Again,  the  bottom  depth  showed 
the  greatest  turbidity.  However,  unlike  bottom  plumes  ob- 
served in  Galveston  Dumps  No.  3 and  4,  the  bottom  plume  in 
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this  disposal  operation  developed  after  the  surface  and 
middle  plumes.  In  addition,  the  turbidity  measured  at  14 
iiu  ters  persisted  for  over  one  hour.  The  surface  samples 
showed  the  same  type  of  turbidity  pattern  observed  during 
the  previous  disposal  operation. 

Dissolved  oxygen.  Figure  91  presents  the  plot  of 
the  readings  of  D.O.  taken  at  14  meters.  The  figure  shows 
that  five  minutes  after  the  dump  occurred,  the  D.O.  con- 
centrations decreased  1.5  mg/1.  Several  minutes  later 
another  depression  in  D.O.  was  seen.  Unlike  previous  dumps, 
there  was  not  a return  to  the  initial  concentrations  within 
ten  minutes  of  disposal.  The  concentrations  did  not  stay  at 
one  level  but  fluctuated  slightly  below  the  pre-disposal 
xeve Is . 

Heavy  metals.  Table  27  5 presents  water’  column 
concentrations  of  heavy  metals  for  Galveston  Dump  No.  5. 
this  disposal  followed  the  last  one  by  about  1.5  hour’s.  Due 
to  the  larger  number  ot  samples  analyzed,  a well-defined 
picture  of  release  and  sorption  was  possible.  There  was  an 
indication  of  manganese  release  (about  90  yg/1)  in  the  bottom 
(14  m)  samples.  Iron  concentrations  fluctuated  during  the 
sampling  period,  with  several  samples  showing  values  above 
pre-disposal  levels.  There  was  no  indication  of  release  or 
sorption  of  the  other  metals. 

Nitrogen  compounds . Tire  ammonium,  organic  N,  and 
nitrate  data  for  the  fifth  disposal  operation  are  presented 
in  fable  779  . For  these  and  subsequent  studies,  the  de- 
tection limit  for  ammonium  was  adjusted  to  <0.05  mg  N/l.  The 
ammonium  concentrations  in  tire  bottom  waters  and  the  nitrate 
concentrations  at  all  thi’ee  depths  are  plotted  in  Figures  92 
and  93.  These  figures  indicate  that  dredged  sediment 
disposal  had  a significant  influence  on  the  bottom  waters 
where  very  sharp  fluctuations  in  the  ammonium  concentrations 
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Table  276 


Nitrogen  Compound  Data:  Galveston  Dump  No.  5 near  Buoy  D 
Dredged  Materials  from  Galveston  Bay  Entrance 
Channel  Buoys  1 through  3 
(August  29,  1975) 

(mg  N/l) 


Time  of 
Collection 
(hr :min : sec) 

Depth 

(m) 

Organic  N 

Ammonium* 

Nitrate 

14: 26 : 30 

2 

0 . 34 

<0.05 

- 

14:27:00 

- Dump  occurred. 

14:27:00 

8 

0.25 

<0.05 

- 

14 : 2 8 : 00 

- Surface 
sampling 

turbid  plume 
location . 

arrived 

at 

14:28:00 

16 

0 . 36 

<0 .05 

0 .05 

14:28:30 

2 

0 .40 

<0.05 

0.06 

14:29:00 

- Surface 
sampling 

turbid  plume 
location. 

passed 

14 : 29 : 30 

2 

- 

<0.05 

- 

14:29:45 

16 

- 

<0.05 

- 

14:29:45 

8 

- 

<0.05 

0 .09 

14:30:45 

2 

0.27 

<0 .05 

0 .08 

14 : 31:15 

16 

0.27 

<0.05 

0.08 

14:31:30 

8 

0.31 

<0.05 

- 

14:32:00 

16 

- 

<0 .05 

0 .22 

14:32:  30 

8 

0 . 38 

<0.05 

0 . 09 

14 : 32 :45 

16 

2.67 

<0.05 

<0.04 

14 : 33  :00 

2 

0.42 

<0.05 

0 .09 

1^:33:30 

16 

1.25 

0.11 

0 . 10 

14:33:45 

16 

2 . 92 

0 . 16 

0 . 04 

14:34:30 

16 

- 

<0.05 

<0.04 

14 : 34 : 45 

2 

- 

<0.05 

- 

14:35:15 

16 

- 

<0.05 

<0.04 

14:35:  30 

16 

0.87 

<0.05 

- 

(Continued) 
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Table 


77b  (Continued) 


Time  of 

Co  l lect  ii-ui 

1 hi’ : min  : nee  ) 

Dep  t li 
(m) 

Orpunio  N 

Ammon i urn* 

Nit  rate 

id  : o b : 15 

lb 

1.15 

v 0 . 0 5 

0 . 0 0 

L 4 : 1 6 : 1 0 

1 t 

- 

0.11 

0 . 1 2 

14:36:  4 6 

2 

- 

<0.0  5 

- 

14:17:00 

i b 

- 

<0.05 

0 . 7 1 

1 4 : 1 7 : 1 0 

i 

0 . 4 2 

<0.0  5 

<0.04 

14:1 f : 4 5 

i b 

0 . , 4 

0.10 

0.12 

14:  : i : 4 

5 

0 . 1;- 

<0.0  5 

0.12 

14:40:20 

lb 

0 . 5 0 

v 0 . 0 5 

- 

14:41:00 

- 

<0.0  5 

- 

14:42: 0 0 

1 b 

0.4  ’ 

"0.0  5 

0.17 

1 4 : 4 2 : 4 1 

- 

'-0.0  5 

- 

14 : 4 1 : 10 

J} 

- 

<0.0  5 

- 

14:41: 4 1 

lb 

0.4" 

<0.0  5 

0.11 

14 : 4 4 : 1 0 

J 

- 

"0.0  5 

- 

1 4:41:1 1 

1 

- 

<0.0  5 

- 

14:45:41 

1 b 

0 . 4 

"0 . 0 5 

" 0 . 0 4 

l 4 : 4 0 ; 1 0 

J 

- 

<0.0  5 

0.  1 1 

14:4  7 : 1 6 

1 

0 . 15 

"0.0  5 

0 . 1 4 

1 4 : 4 7 ; 4 b 

1 b 

0 . 0 0 

<0.0  5 

0.17 

1 4 :4b: 10 

- 

- 

"0.0  5 

- 

1 4:40:1 0 

- 

"0 . 0!' 

- 

L4 :50:1b 

1 b 

0 . 1 1 

"0 . 0 5 

0 . i 0 

14:51:45 

2 

- 

"0.0  5 

- 

14:51:15 

0 . 0 0 

"0 . 0 5 

0.11 

14:55:10 

i b 

- 

<0.0  5 

- 

1 b : 0 0 : 1 0 

2 

- 

"0.0  !< 

- 

15:01:15 

5 

- 

"0.0  5 

- 

15:0 2 : 1 5 

lb 

0.11 

" 0 . 01< 

0 . 0 0 

l Con  i inued) 
b 1 ' 


Time  of 
Col lect ion 
( hr : min : see ) 

lb: 10 : 30 
15:11:00 
15:11:45 
15:10:45 
15:17:  JO 
15:18:30 
15:23: 00 
15 : 23: 30 
15:24:  30 
15:28:45 
15 : 20  : 30 
15 : 30 : 15 
1 5 : 3 fa  : 3 0 
15:37:45 

* {’or  this  and  subsequent  disposal  opera  t ions , the  analytical 
detection  limit  for  ammonium  was  adjusted  to  <0.05  mg  N/l. 

1'or  further  discussion,  see  Part  II. 

1'ash  (-)  indicates  no  analysis  made. 

are  seen.  Ammonium  concentrations  in  the  surface  and  mid- 
depth waters  remained  below  the  <0.05  mg  N/l  detection  limit. 

Nitrate  concentrations  in  surface  and  mid-depth 
water  also  increased  little  as  a result  of  disposal.  Concen- 
trations in  the  bottom  water  increased  sharply  five  minutes 
after  the  dump  but  decreased  immediately.  They  returned  to  the 
pre-disposal  level  after  about  35  minutes. 

Disposal  apparently  had  no  effect  on  organic  nitrogen 
at  surface  and  mid-depth  waters.  However,  organic  N concentra- 
tions in  the  bottom  waters  increased  sharply  (to  2.67  mg  N/l) 


Tab  1 e 0 ( Cone  1 uded ) 


Depth 

(m) 

Organic  N 

Ammon i urn* 

Nitrate 

J 

- 

<0.05 

- 

8 

- 

<0.0  5 

- 

16 

0 . 2 7 

<0. 05 

0 . 0 8 

2 

0 . 4 7 

<0.05 

- 

8 

0.4  3 

<0.05 

0.11 

16 

0 . 7 4 

<0.05 

0 . 0 0 

- 

<0.0  5 

- 

8 

- 

<0.0  5 

- 

16 

- 

<0.05 

- 

- 

<0.0  5 

- 

8 

- 

<0.0  5 

- 

16 

- 

< 0 . 0 5 

- 

1 

- 

<0.05 

- 

8 

_ 

<0.05 

_ 

6 3 8 


four  minutes  after  the  plume  passed  the  sampling  ship.  About 
ten  minutes  after  disposal,  the  concentrations  in  the  bottom 
waters  decreased  a little  but  were  still  higher  than  in  the 
samples  collected  prior  to  the  arrival  of  the  turbid  plume. 

Phosphorus  compounds . The  concentrations  of  soluble 
orthophosphate  are  listed  in  Table  277  . There  was  no  release 
of  soluble  ortho  P apparent  in  the  surface  waters.  At  mid- 
depth (approximately  8 m) , soluble  ortho  P concent  rat  ions 
doubled,  but  they  returned  to  ambient  levels  within  10  min- 
utes. The  soluble  ortho  P concentrations  near  the  bottom 
followed  a somewhat  irregular  pattern,  showing  two  maxima. 
Concentrations  were  just  slightly  above  ambient  and  then  in- 
creased 12-fold.  Rapid  recovery  to  ambient  was  followed  by 
a 5.5  fold  increase  and  another  recovery  to  ambient  about  10 
minutes  later. 

Organic  compounds.  In  the  fifth  dump,  soluble  TOC 
concentrations  were  IS. 4,  28.3,  and  IS. 3 mg/1  before,  during, 
and  after  the  passage  of  the  turbid  plume,  respectively.  The 
concentrations  of  TOC  in  the  fifth  dump  were  19.8,  32.8,  and 
18.3  mg/1,  respectively.  Soluble  oil  and  grease  were  below 
tlie  detection  limit  of  U.b  mg/1. 

Calves  ton  Pump  No.  8 

The  next  disposal  operation  monitored  took  place  at 
12:50  on  September  9,  1975.  The  surface  turbid  plume  arrived 
at  13:02  and  passed  at  13:04.  Material  dredged  from  the 
GBLC  (Buoys  3 through  7A)  was  dumped  near  Buoy  D at  12:50. 

The  water  column  depth  was  15  meters.  The  sampling  boat  was 
positioned  approximately  240  meters  from  the  dump  site.  Approx- 
imately 1500  cubic  yards  of  material  were  dumped.  The  sur- 
face current  was  0.3  knots  (15  cm/ sec). 

Optical  properties.  figure  94  shows  the  percent 
transmission  during  Galveston  Dump  No.  8.  Percent  trans- 
mission was  measured  at  2 meters  (surface),  9 meters  (middle), 
and  15  meters  (bottom).  The  presence  of  suspended  dredged 


Table  277 

Soluble  Orthophosphate  Concentrations:  Galveston 
Dump  No.  5 near  Buoy  D,  Dredged  Materials  from 
Galveston  Buy  entrance  Channel 
Buoys  1 through  3 
(August  29,  197b) 


Time  of 

Col lection 
(hr : min : sec ) 

Depth 

(m) 

Soluble 

Or  t hopho  s pha  t e 
(mg  P/1) 

19 : 26 : 30 

1 4 : 2 7 

- Dump  occurred. 

<0.01 

14:27:00 

8 

<0.01 

14  : 28 

- Surface  turbid  plume 
at  sampling  location 

arrived 

14 : 28 : 00 

16 

0.018 

14 : 28 : 30 

*■) 

<0.01 

14  : 29 

- Surface  turbid  plume 
sampling  location. 

passed 

14 :29:4b 

8 

<0.01 

14 : 30 : 30 

16 

0.024 

14:30:4b 

2 

<0.01 

14 : 31 : lb 

16 

<0 .01 

14 : 31: 30 

8 

<0.01 

14 : 32 : 00 

16 

<0.01 

14:32: 30 

8 

0.012 

14  : 3 2 :4b 

16 

<0.01 

14:33:00 

2 

<0.01 

14:33:30 

16 

0.010 

14:33:4b 

16 

0.010 

14  : 34  : 30 

16 

<0.01 

14  :3b  :1b 

16 

<0.01 

14  : 3b: 30 

16 

0.018 

14:36: lb 

16 

(Continued) 

0.014 

Table  277  (Concluded) 


Time  of  Depth  Soluble 

Collection  (m)  Orthophosphate 

(hr:min:sec)  (mg  P/1) 


14 

; 36 

30 

16 

<0, 

. 01 

14 

37 

00 

16 

0 , 

.128 

14 

37 

30 

8 

0 , 

.020 

14 

37 

45 

16 

<0  . 

.01 

14 

39 

45 

8 

0. 

. 015 

14 

40 

20 

16 

0. 

.018 

14 

42 

00 

16 

0, 

.038 

14 

43 

45 

16 

<0  . 

.01 

14 

45 

45 

16 

<0. 

.01 

14 

46 

30 

2 

<0  , 

.01 

14 

47 

15 

8 

0 . 

, 013 

14 

47 

45 

16 

0. 

.056 

14 

50 

15 

16 

0 . 

.017 

14 

53 

15 

16 

0. 

, 018 

15 

02 

15 

16 

<0. 

, 01 

15 

11 

45 

16 

0. 

,017 

15 

16 

45 

2 

0 , 

.011 

15 

17 

30 

8 

0. 

.011 

15 

18 

30 

16 

0. 

, 011 

Concentrations  based  on  one  analysis  of  one  sample. 

material  at  the  surface,  middle,  and  bottom  depths  was  first 
observed  within  11.57  minutes,  8.08  minutes,  and  5.67  min- 
utes, respectively,  of  the  dump.  The  region  of  most  in- 
tense turbidity  was  again  the  bottom,  although  this  time  at 
mid-depth  the  plume  was  of  relatively  long  duration,  some 
13  minutes. 
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Dissolved  oxygen.  Dissolved  oxygen  concentrations 
for  Dump  No.  6 are  presented  in  Figure  95.  The  D.O.  read- 

ing was  taken  at  a depth  of  15  meters.  There  was  a decrease 
of  approximately  0.5  mg/1  just  after  the  surface  turbid  plume 
arrived  at  the  sampling  boat.  The  D.O.  concentration  re- 
turned to  a level  of  0.1  mg/1  below  the  pre-disposal  concen- 
tration within  ten  minutes  of  the  dump. 

Heavy  metals.  Results  of  analysis  for  heavy  metals 
are  presented  in  Table  278.  There  were  no  changes  in  ranges 
of  chromium,  arsenic,  lead,  copper,  and  zinc  concentra- 
tions found  at  the  1,  9,  or  15  meter  depth  during  or  after  the 
passage  of  the  turbid  plume.  Further  examination  of  the  con- 
centration ranges  seen  for  nickel  and  manganese  show  that 
there  was  an  increase  in  the  levels  of  these  metals  seen 

after  the  plume  passed  from  those  seen  before  and  during  the  *' 

passage  of  the  plume.  Cadmium  concentrations  showed  the 

same  pattern  of  apparent  release  after  the  passage  of  the 

plume.  Mercury  increased  during  the  passage  of  the  plume 

(0.006  pg/ 1 at  1 m and  0.016  ug/1  at  9 in).  These  values 

were  declining  at  the  end  of  the  sampling  period. 

Nitrogen  compounds.  Ammonium  data  presented  in 
Table  279  show  that  ammonium  concentrations  for  all  samples 
processed  from  Dump  No.  6 were  below  the  detection  limit  of 
0.05  mg  N/l . 

Phosphorus  compounds.  Concentrations  of  soluble 
orthophosphate  are  presented  in  Table  280.  Soluble  ortho  P 
concentrations  appeared  to  increase  at  all  three  depths,  but 
the  increases  did  not  appear  to  be  as  great  as  those  found 
during  the  previous  disposal  operations  near  Buoy  D.  Ambient 
soluble  ortho  P concentrations  in  the  surface  water  were 
between  <0.01  mg  P/1  (detection  limit)  and  0.012  mg  P/1. 

During  the  passage  of  the  surface  turbid  plume,  the  concen- 
trations did  not  rise  above  this  level.  The  sample  taken  11 
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Figure  95 

Dissolved  Oxygen  Concentrations:  Galveston  Dump 
No.  6 near  Buoy  D,  Depth  15  m,  Dredged  Material 
from  Galveston  Bay  Entrance  Channel 
Buoys  3-7A,  September  9,  1975 
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Table  279 


Ammonium  Concentrations:  Galveston  Dump  No.  6 
near  Buoy  D,  Dredged  Materials  from 
Galveston  Bay  Entrance  Channel 
Buoys  3 through  7A 
(September  9,  1975) 


Time  of 
Collection 
(hr :min : sec) 

Depth 

(m) 

Ammonium 
(mg  N/l) 

11:41:00 

1 

<0.05 

11:42:00 

9 

<0.05 

11:42:30 

15 

<0.05 

12:38: 30 

1 

<0.05 

12 : 39:00 

9 

- 

12:39: 30 

12:50 

15 

- Dump  occurred. 

<0.05 

12:50:15 

1 

<0.05 

12:50: 30 

9 

- 

12 : 50 :45 

15 

<0.05 

12 : 5 5 : 4 5 

15 

<0.05 

12:59:50 

9 

<0.05 

13:00:15 

15 

<0.05 

13:00: 30 

1 

<0.05 

13:00:45 

9 

<0.05 

13:01:15 

15 

<0.05 

13:02 

- Surface  turbid  plume 
sampling  location. 

arrived  at 

13:02:00 

1 

<0.05 

13:02:15 

9 

<0.05 

13:02:45 

1 

<0.05 

13:03:30 

1 

<0.05 

13:03:45 

9 

<0.05 

13:04:00 

15 

(Continued) 

<0.05 

650 


Time  of  Depth  Ammonium 
Collection  (m)  (mg  N/l) 
(hr : min : uec ) 


13 

04 

30 

1 

<0  , 

,05 

13 

05 

15 

9 

<0  , 

, 05 

13 

05 

55 

1 

<0  , 

,05 

13 

0 6 

50 

15 

<0  . 

,05 

13 

03 

10 

9 

<0  , 

.05 

13 

10 

00 

9 

<0  , 

.05 

13 

10 

15 

1 

<0. 

,05 

13 

1 3 

45 

9 

<0. 

,05 

13 

13 

4 5 

15 

<0  , 

.05 

13 

15 

00 

1 

<0  . 

. 0 5 

13 

15 

2 0 

9 

<0  , 

.05 

13 

15 

3 5 

15 

<0, 

, 0 5 

13 

21 

15 

15 

<0  . 

,05 

13 

30 

30 

1 

<0 . 

,05 

13 

31 

00 

9 

<0. 

,05 

13 

31 

35 

15 

<0  . 

,05 

13 

40 

0 0 

9 

<0  . 

,05 

13 

4 0 

35 

15 

<0  , 

. 0 5 

14 

16 

15 

1 

X 

<0. 

,05 

14 

16 

3 0 

9 

<0  . 

, 0 5 

14 

16 

45 

15 

<0  , 

,05 
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Table  280 


Soluble  Orthophosphate  Concentrations:  Galveston 
Dump  No.  6 near  Buoy  D,  Dredged  Materials  from 
Galveston  Bay  Entrance  Channel 
Buoys  3 through  7A 
(September  9,  1975) 


T ime  o f 
Collection 
(hr :min : sec) 

Depth 

(m) 

Soluble 

Orthophosphate 
(mg  P/1) 

X SD 

11:41:00 

1 

<0.01 

'vO 

11:42:00 

9 

0.015 

0 

11:42 : 30 

15 

<0.01 

%0 

12:38:30 

1 

0.012 

0.001 

12 : 39 : 00 

9 

0.018 

0.001 

12:39:30 

15 

0.013 

0 

12:50 

- Dump  occurred. 

12:50:15 

1 

0.01 

0.001 

12:50:  30 

9 

<0.01 

'vO 

12:50:45 

15 

<0.01 

'vO  .003 

12:55:45 

15 

<0.01 

'VO. 001 

12 : 59 : 50 

9 

<0.01 

<v  0 

13:00:15 

15 

0.02  3 

0 

13:00:30 

1 

0 .013 

0.001 

13:00:45 

9 

<0.01 

<v  0 

13:01: 15 

15 

0.019 

0.001 

13:02 

- Surface  turbid  plume 
sampling  location. 

arrived  at 

13:02:00 

1 

<0.01 

0 . 001 

13:02:15 

9 

0.012 

0 

13:02:45 

1 

0.011 

0.002 

13:03: 30 

1 

<0.01 

0.001 

13  :03 : 45 

9 

<0.01 

'VO.  001 

13:04  - Surface  turbid  plume  passed 
sampling  location. 


(Continued) 
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Table  280  (Concluded) 


Time  of  Depth  Soluble 

Collection  (m)  Orthophosphate 

(hr:min:sec)  (mg  P/1) 

X SD 


13 

04 

00 

15 

<0.01 

•vO.  001 

13 

04 

30 

1 

<0.01 

-vO.  001 

13 

05 

15 

9 

<0.01 

'vO 

13 

05 

55 

1 

0.012 

0 

13 

06 

50 

15 

0 .022 

0.001 

13 

08 

10 

9 

0.013 

0 .001 

13 

10 

00 

9 

0.018 

0 .001 

13 

10 

15 

1 

<0.01 

%o 

13 

13 

45 

9 

0.022 

0 

13 

13 

45 

15 

0.024 

0.002 

13 

15 

00 

1 

0.022 

0 

13 

15 

20 

9 

0.015 

0.001 

13 

15 

35 

15 

<0.01 

-V0 

13 

21 

15 

15 

0 .020 

0.001 

13 

30 

30 

1 

0.014 

0 

13 

31 

00 

9 

0.018 

0 .001 

13 

31 

35 

15 

0.023 

0.001 

13 

40 

00 

9 

<0.01 

'v  0 

13 

40 

35 

15 

0.02 

0 

14 

16 

15 

1 

0 . 016 

0 .001 

14 

16 

30 

9 

<0.01 

^0.001 

14 

16 

45 

15 

0.011 

0 

Mean  and  standard  deviations  calculated  from  duplicate  analyses 
of  one  sample. 


minutes  utter  the  plume  passed  showed  an  approximately  two- 
told  increase  (to  O.Ol’l’  mg  1'/ i ) over  ambient  soluble 
ortho  P concentrations.  A sample  taken  15  minutes  later 
showed  a decrease  in  concentrat  ion  to  0.014  mg  P/1.  About 
4 5 minutes  later,  t he  eoneen t rat  ion  was  slightly  above  am- 
bient levels  (0.015  mg  F/l). 

Soluble  ortho  P concert  t rn  t ions  at  mid-depth  (9  ni ) 
varied  between  < 0.01  mg  P/l  (detection  limit)  and  0.019  mg 
P/ L be  tore  arrival  ot  the  turbid  plume.  When  the  mid-depth 
percent  light  t runsmission  was  lowest,  the  soluble  ortho  P 
concentrat  ion  was  below  0.01  mg,  P/l  (detection  limit).  Tt 
then  appeared  to  rise  steadily  to  0.00.’  mg  P/l  about  14 
minutes  later.  About  0 5 minutes,  alter  the  apparent  maximum, 
t lit-  soluble  ortho  P concentrations  had  returned  to  ambient 
1 eve  1 s . 

As  the  percent  light  transmission  in  the  near- 
bottom waters,  dropped  to  1 percent,  the  soluble  ortho  F in- 
creased from  < 0.01  to  0.003  mg.  P/l.  It  dropped  back  to 
ambient  levels-  about  4 minutes,  later,  and  fluctuated  between 
0.01  and  0.004  mg  P/l  for  the  duration  ot  the  sampling 
per iod . 


Texas  Pits1  Phannc  1 Sediment  Klutriate  Tests 

Two  sets  ot  sediment  and  water  samples  were  col- 
lected by  DTD  personnel  in  the  Texas  City  Ship  Channel  for 
elutriate  test.*:.  The  sediments  were  all  collected  with  a 
Ponar  grub  sampler  and  stored  in  5-gallon  plastic  pails. 

The  water  samples  t rent  the  same  sites  were  collected  from 
the  surface  with  a rope  and  bucket  and  stored  in  13.5-gallon 
polyethylene  bottles.  After  collection,  all  of  the  samples 
were  cooled  with  ice  in  insulated  boxes  and  transported  to 
the  DTP  laboratory,  where  they  were  stored  at  4°C  until 
e lutri.it ion. 


6 5 4 


The  first  set  of  Texas  City  samples  was  collected 
on  March  28,  1975,  at  sites  designated  as  TCC-1,  2,  and  3. 
Their  locations  are  shown  in  Figure  96.  The  second  set 
of  three  sites  (TCC-4,  5,  and  6)  was  sampled  September  20, 
1975;  these  sites  are  also  shown  in  the  figure. 

General  Sediment  Characteristics  and  Oxygen  Demand 

The  oxidation  reduction  potential  (Eh)  , sulfide 
concentration,  and  percent  dry  weight  were  determined  for  sed- 
iment samples  from  Texas  City  Sites  1,  2,  4,  5,  and  6.  The 
data  are  presented  in  Table  281.  The  first  two  sites  (TCC-1 
and  2)  showed  a similarity  in  Eh  (-38  versus  -20  mv),  sulfide 
concentration  (1205  mg/kg  versus  1251  mg/kg)  and  also  dry 
weight  (53  percent  versus  51  percent).  There  was  also  a 
general  similarity  between  the  samples  from  TCC-4,  5,  and  6 
in  Eh  and  percent  dry  weight.  The  Eh  readings  were  -100, 

-136,  and  -124  mv,  respectively.  The  percent  dry  weight 
results  were  38,  44, and  40  percent,  respectively.  However, 
the  sulfide  concentrations  did  not  show  the  same  trend;  in 
fact,  the  three  readings  were  quite  dissimilar:  2519,  237, 
and  1557  mg/kg  for  TCC-4,  5,  and  6,  respectively. 

The  oxygen  demand  test  was  run  with  sediment  from 
all  six  Texas  City  sites  except  Site  3.  Tables  A24  and  A25 
of  Appendix  A present  the  data  from  the  tests  of  5 cc  samples 
of  sediment  from  TCC-1  and  TCC-2.  The  standard  deviations  be- 
tween runs  ranged  from  0.1  to  0.5  mg/1,  indicating  fair  repro- 
ducibility. The  oxygen  uptake  values  (Table  281)  in  the  first 

hour  for  a cubic  meter  and  one  gram  dry  weight  of  TCC-1  sedi- 

2 

ment  were  5.0  x 10  g 0^  and  0.66  mg  Cc,  , respectively.  Simi- 
lar uptakes  were  measured  in  the  first  hour  for  TCC-2,  4.8  x 
2 

10  g C>2  for  a cubic  meter  and  0.64  mg  0^  for  one  gram  dry 
weight  of  sediment. 

The  data  from  the  oxygen  demand  test  of  TCC-1  and 
TCC-2  sediment  are  plotted  in  Figures  97  and  98.  The 
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Figure  98 

Oxygen  Demand  Test:  Texas  City  Site  2 
(Sample  size  - 5 cc) 
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slope  was  -0.020  mg/ 1 0 ,min  ^ for  TCC-1  sediment.  The  slope 
of  the  fast  component  of  the  TCC-2  plot  was  -0.026  mg/1  0, 
min  the  slow  component  slope  was  -0.017  mg/1  0.,  min 

Tables  A26 , A27,  and  A28  oi  Appendix  A present 

the  data  obtained  during  oxygen  demand  tests  of  the  samples 
from  TCC-4,  5,  and  6.  The  standard  deviations  between  the 
runs  in  each  test  ranged  from  0.1  to  0.5  mg/1,  indicating 

fail’  reproducibility.  The  oxygen  uptake  values  (presented  in 

2 

Table  284)  for'  the  first  hour  per  cubic  meter  were  6.0  x 10" 
g 0,  (TCC-4),  4.5  x 10 " g 0,  (TCC-5),  and  6.1  x 10"g  0.,  (TCC-6). 
Again,  TCC-4  and  6 had  similar  results  (for  uptake  per  gram 
dry  weight),  with  1.21  mg  0,  and  1.17  mg  0,,  respectively. 

The  TCC-5  samples  had  an  uptake  of  0.76  mg  0,. 

The  data  from  these  tests  were  plotted;  figures  09, 
100,  and  10 1 present  the  results.  All  three  samples  exhibited 
a two-component  system  for  the  first  hour.  The  slopes  of  the 
fast  components  ot  TCC-4  and  5 were  similar  (-0.026  mg/1  0, 
min  ' and  -0.024  mg/1  0,  min  ^ , respectively),  while  the 
TCC-6  fast  component  had  a slope  of  -0.064  mg/1  0,  min 
However,  it  was  the  TCC-4  and  6 slopes  which  had  similar  slow 
components;  these  slopes  were  -0.011  mg/1  0,  min  ' and  -0.010 

. _ i 

mg/1  0,  nun  , respectively.  The  TCC-5  sample  had  a slope  ot 
-0.004  mg/1  0.,  min 

Liutriato  Test  Ceneral  Parameters 

On  April  6 , 1975  , two  5 percent  oxic  and  two  .'0  per- 
cent oxic  elutriate  tests  were  run  on  the  TCC-1  samples;  one 
of  each  pair  was  allowed  to  settle  for  one  hour,  the  other 
for  24  hours.  The  unused  sediment  and  site  water  were  stored 
in  the  dark  at  4°C  for  future  testing.  Also  on  April  6,  one 
5 percent  and  one  20  percent  oxic  elutriate  test  were  run  on 
both  TCC-2  and  6 sediment  and  water. 

To  assess  the  effects  ot  extended  storage  ot  sedi- 
ment and  water  prior  to  elutriation,  standard  5 percent 
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Figure  99 


Oxygen  Demand  Test:  Texas  City  Channel  Site  4 Sediment 
(Sample  size  - 3 cc) 


661 


Time  (min) 

Figure  TOO 

Oxygen  Demand  Test:  Texas  City  Channel  Site  5 Sediment 
(Sample  size  - 3 cc) 


and  .’0  percent  oxie  elutriate  tents  were  run  on  the  TCC-1 
sediment  .and  water  on  June  17,  70  days  after  the  I irst  tests 
1'lutriates  were  cent  r i f uged  prior  to  analysis  for  general 
pa  mine  t err.  and  total  constituents. 

On  dune  1 9 , 107!',  variations  of  the  anoxic/oxio 

elutt'iate  tests  were  run  on  TOO- 1 , 2,  and  3 sediments.  One 
test  contained  20  percent  sediment  by  volume,  the  other, 

.' !>  percent  . A 20-minute  nitrogen  mixing  period  was  used, 
fol  lowed  by  10  minutes  of  compressed  air  mixing.  The 
elutriates,  were  al  lowed  to  sett  le  tor  one  hour  in  air.  the 
elutriates  were  centrifuged  ( b min.  0 9000  rpm)  prior  to 
1 i 1 tra  t i on . 

fled  i men  t and  water  samples  collected  from  Texas 
Oity  biter-  4,  5,  and  6 on  September  20  were  subjected  to 
single  standard  5 and  70  percent  oxie  elutriate  testa  on 
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D.O.  than  the  5 percent  tests.  The  D.O.  after  the  24-hour 
settling  period  was  lower  than  it  had  been  after  one  hour's 
settling.  In  addition,  the  difference  in  D.O.  between  the 
4 and  20  percent  (24  hour)  tests  was  less  at  ter  the  extended 
settling  periods.  The  pH  showed  little  change  upon  elutria- 
tion.  The  turbidity  was  greater  in  the  4 percent  elutriates 
than  in  the  20  percent  elutriates;  turbidities  were  consider- 
ably lower  alter  the  additional  settling  time.  Specific 
conductance  and  salinity  appear  to  have  decreased  after' 
standard  elutriation.  The  decrease  was  less  alter  the  ex- 
tended settling  period. 

tlenera  1 parameter  results  from  TCC-2  elutriate 
tests  (Table  282)  showed  the  D.O.  concentrations  in  the 
4 percent  test  after  settling  to  have  been  the  same  as  in 
the  TOC- 1 elutriate.  The  D.O.  after  settling  of  the  TCC-2 

20  percent  test  , however,  was  considerably  lower  than  i t had  ;* 

been  in  the  corresponding  TCC-1  test.  The  pH  increased 

slightly  upon  elutriat ion.  The  values  were  about  the  same 

as  they  had  been  in  correspond ing  TCC-1  elutriates.  Turbidity 

increased  from  5 NTU  in  the  site  water  to  about  44  NTH.  The 

specific.’  conductance  decreased  upon  elutriation.  It  decreased 

to  a greater  degree  in  the  20  percent  test  than  in  the  5 percent 

one;  this  pattern  was  opposite  that  ot  the  TCC-1  elutriates. 

The  values  of  D.O.  during  elutriation  with  TCC  Site  3 
samples  was  about  the  same  as  it  had  been  during  TCC-1  tests. 

The  final  D.O.  of  the  TCC- 3 5 percent  elutriate  was  slightly 
higher  than  in  the  corresponding  Site  1 elutriate,  however. 

The  pH  did  not  change  as  a result  of  elutriation.  Turbidity 
increased  fx’om  10  NTU  in  the  site  water  to  about  70  NTU  in 
both  5 and  20  percent  oxic  eluti'iates.  The  specific  conduct- 
ance rose  slightly  aftei'  the  4 pei'cent  test,  but  remained  at 
30,000  umhos/cm  0 2 4l  C Ln  the  20  percent  oxic  eluti'iate.  (All 
specific  conductance  values  ai’e  collected  to  and  reported  at 
2b°C).  The  salinities  of  the  TCC-3  sample  site  watei'  and  elutri- 
ates wei'e  greater  than  those  of  the  othei'  TCC  locations. 
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After  the  TCC-1  sediment  and  water  were  stored  in 
the  dark  at  4°C  for  70  days  more,  they  were  subjected  to 
additional  5 percent  and  20  percent  oxic  tests.  Total 
elutriate  volume  was  four  liters  (total  volume  was  three 
liters  in  the  earlier  tests  on  these  samples).  The  general 
and  physical  parameter  results  of  these  tests  are  presented 
in  Table  283. 

The  site  water  D.O.  level  was  higher  and  pH  value 
slightly  lower  after  storage.  Values  of  the  other  para- 
meters were  the  same  as  they  had  been  prior  to  storage.  The 
oxygen  demand  of  the  sediment  appeared  to  be  somewhat  greater 
after  storage  as  reflected  in  the  20  percent  elutriate  (after 
settling)  D.O.  The  pH  values  in  the  elutriates  were  no 
different  from  those  in  the  elutriates  of  fresher  sediment. 
Turbiditv  in  the  5 percent  elutriate  (after  storage)  was 
greater  than  that  in  the  corresponding  elutriate  before  sample 
storage,  although  storage  did  not  appeal’  to  affect  20  percent 
elutriate  turbidity.  The  specific  conductance  was  greater  in 
the  20  percent  oxic  elutriate  than  in  the  5 percent  elutriate, 
as  was  seen  in  pre-storage  elutriate  tests.  However,  pre- 
storage elutriation  caused  a decrease  in  specific  conductance, 
whereas  the  tests  run  after  storage  showed  a slight  increase. 

The  results  of  the  20  and  25  percent  anoxic/oxic 
tests  are  presented  in  Table  284.  After  nitrogen  mixing  D.O. 
was  less  than  0.5  mg/1  in  the  20  percent  test  and  0.7  mg/1 
in  the  25  percent  test.  During  air-mixing,  D.O.  rose  to  about 
6 mg/1  in  both  the  20  and  25  percent  tests.  Following  settling, 
D.O.  was  higher  in  the  25  percent  elutriate  (4.7  mg/1)  than 
in  the  20  percent  elutriate  (1.0  mg/1).  This  may  have  been 
related  to  the  intensity  of  air  stirring  and/or  the  vari- 
ability in  the  oxygen  demand  of  the  subsamples  ot  sediments. 

Both  pH  values  increased  upon  elutriation  to  about  the  same  value 
as  that  of  the  20  percent  oxic  elutriate  (Table  288).  Turbidity 


V 


8 6 7 


was  higher  in  the  25  percent  anoxic/oxic  elutriate  than  in  the 
20  percent  anoxic/oxic  elutriate.  Both  of  these  turbidity 
values  were  higher  than  they  were  in  the  20  percent  oxic 
elutriate.  The  specific  conductance  increased  after  20  percent 
elutriation  but  decreased  slightly  after  25  percent  elutri- 
ation . 

The  values  for  the  TCC-4,  5,  and  6 general  physical 
and  chemical  parameters  measured  are  presented  in  Table  285. 

With  the  exception  of  the  lower  D.O.  in  TCC-6  site  water, 
the  general  characteristics  were  about  the  same  in  each  of  the 
three  site  water  samples.  The  TCC-6  sediment  appeared  to  have 
the  greatest  oxygen  demand,  judging  from  both  5 and  20  percent 
tests;  the  D.O.  levels  in  TCC-4  and  5 elutriates  were  greater 
than  concentrations  in  the  TCC-6  elutriates.  Site  6 was  located 
near  TCC  Site  2;  Site  2 sediments  had  appeared  to  exert  the 
greatest  oxygen  demand  in  the  earlier  set  of  Texas  City  tests. 

Values  for  other  general  parameters  measured 
appeared  fairly  consistent  between  sites.  The  pH  appears  to 
have  decreased  slightly  after  elutriation  of  TCC-4  sediments 
but  apparently  remained  unchanged  after  elutriation  of  TCC-5 
and  6 sediments.  There  did  not  appear  to  be  a consistent 
change  in  turbidity  with  percent  sediment;  values  were  about 
the  same  in  tests  on  the  same  sediment.  TCC-6  elutriates 
had  noticeably  less  turbidity  than  did  the  other  elutriates. 

There  was  no  consistent  pattern  of  changes  in  the  observed 
specific  conductance  values  tor  the  three  sets  of  elutriates. 

The  values  for  the  general  physical  and  chemical  para- 
meters from  elutriate  tests  run  after  36  days  of  sample  storage 
.ire  presented  in  Table  286.  In  most  cases,  the  oxygen 

demand  of  the  sediments  appeared  to  be  greater  after  storage, 
as  was  found  in  the  TCC-3  storage  tests.  The  D.O.  values 
of  nearly  all  of  the  later  elutriates  were  lower  than  those 
of  the  earlier1  elutriates.  The  storage  period  seems  to  have 
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had  variable  effects  on  the  other  parameters.  The  pH  of  the 
TCC-4  site  water  appeared  to  have  decreased  over  the  storage 
pei'iod.  The  TCC-4  elutriates  showed  increases  in  pH  over 
that  of  the  site  water;  prior  to  storage,  the  opposite  effect 
was  observed.  The  TCC-b  and  6 elutriates  had  about  the  same 
pH  values  in  both  pre-  and  post-storage  studies.  The  spe- 
cific conductance  of  the  site  waters  from  TCC-4  and  5 in- 
creased slightly  during  storage;  that  of  TCC-6  appears  to 
have  decreased.  Direction  of  changes  in  specific  conductance 
upon  elutriation  of  stored  TCC-4  and  6 samples  appeared  to 
be  opposite  of  those  found  prior  to  storage.  The  TCC-b 
tests  showed  a greater  decrease  in  specific  conductance  upon 
elutriation  after  storage  than  it  had  before  storage. 

Heavy  Metals 

Table  287  shows  that  there  were  some  major  dif- 
ferences between  the  two  sets  of  Texas  City  sediments.  The 
TCC-1,  2,  and  3 sediment  samples  collected  on  March  28  con- 
tained 3.3  to  4 . b mg/kg  cadmium  and  59  to  90  mg/kg  lead.  In 
the  samples  collected  in  September,  concentrations  of  these 
metals  were  below  the  detection  limits.  The  TCC-1,  2,  and  3 
samples  exceeded  the  US  EPA  criterion'1’0  for  cadmium,  chromiun 
cine,  and  lead.  The  ranges  of  concentrations  seen  were  3.3 
to  4.5  mg/kg  cadmium,  170  to  650  mg/kg  chromium,  50  to  240 
mg/kg  zinc,  50  to  90  mg/kg  lead,  and  10  to  720  mg/kg  nickel. 
Manganese,  iron,  and  mercury  concentrations  were  also  high. 

The  set  collected  from  Sites  4,  5,  and  6 had  values  exceeding 
the  criterion10for  zinc,  copper,  and  arsenic.  The  ranges  of 
these  metals  were  114  to  160  mg/kg,  43  to  83  mg/kg,  and  11.8 
to  13  mg/kg,  respectively.  Manganese  and  iron  concentrations 
were  again  high.  Manganese  and  iron  concentrations  were  556 
to  671  mg/kg  and  25.8  to  26.3  g/kg,  respectively. 

The  variability  of  metals  concentrations  between 
March  and  September  sets  of  sediment  samples  was  considerable. 


673 


However,  the  ranges  of  manganese,  zinc,  and  iron  were  quite 
similar  at  the  two  sampling  periods.  The  concentrations  of 
mercury  appeared  to  have  decreased  10  to  20  fold  in  the  time 
between  the  sampling  periods. 

Table  288  contains  the  results  of  the  soluble 
heavy  metals  analyses  for  the  TCC-1,  2,  and  3 elutriate  tests. 
In  the  20  percent  tests  of  TCC-1  and  3 sediment,  large 
amounts  of  manganese  (1063  and  5760  ug/1,  respectively)  were 
released.  In  the  TCC-2  tests,  only  model  ate  manganese  re- 
lease was  seen,  but  that  of  the  20  percent  test  was  nearly 
double  that  seen  in  the  5 percent  test.  Elutriates  of  TCC-1 
sediment  which  were  allowed  to  settle  for  24  hours  showed 
nearly  twice  the  manganese  release  seen  in  the  one-houi^ 
settling  test. 

There  was  removal  of  zinc  from  the  site  water  in 
the  Sites  1 and  3 tests  (approximately  50  and  20  percent, 
respectively)  and  what  appeared  to  be  slight  release  (14.3 
pg/1  over  8.7  Mg/1  found  in  the  test  water)  in  tests  with 
the  TCC-2  sediment.  There  was  small  release  of  iron,  27 
Mg/1,  in  the  tests  on  Site  1 sediment.  The  iron  concentra- 
tion of  the  TCC-1  site  water  was  5 Mg/1.  There  was  little 
change  with  variation  in  settling  time.  Concentrations  in 
site  and  elutriate  waters  from  TCC-2  and  3 were  consistently 
low. 

There  were  indications  of  copper  uptake  in  TCC-1 
elutriates.  The  site  water  contained  5.4  Mg/1,  and  the 
eluti^iates  contained  1.8  to  4.6  Mg/1*  Concentrations  were 
lower  in  the  20  percent  elutriates.  Concentrations  in  TCC-2 
and  3 tests  were  low  and  showed  no  change. 

There  was  a slight  release  of  nickel  by  all  three 
sediments.  No  general  pattern  was  seen  witli  variation  of 
percent  sediment,  but  the  observed  release  was  lower  in  the 
TCC-1  elutriates  settled  for  24  hours  than  in  the  ones 
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■ ■ • • foi  n<  ho  ir.  Chromium  was  also  released  by  all  three 
Lments.  . rCC-3  site  water  contained  1!  pg/1  chromium 
and  the  11  percent,  one-hour  settled  elutriate  contained  159 
U >'  1 . Increases  were  small  in  the  TCC-2  and  3 tests  and  as 
initial  concentrations  were  low,  the  increases  were  probably 
insignificant.  The  same  is  true  of  apparent  increases  in 
lead  in  all  teats.  Cadmium  concentrations  in  TCC-1  elutriate 
were  small,  but  there  appeared  to  be  an  increase  over  the 
site  water  concentration  (1.8  ug/1).  Concentrations  in  all 
samples  with  TCC-2  and  3 sediment  were  below  the  detection 
limit  (0.3  ug/1). 

There  appeared  to  be  removal  of  mercury  from  site 
waters  by  all  three  sediments.  Removal  of  mercury  from  the 
TCC-1  site  water  was  highest  (0.27  ug/1)  in  the  5 percent 
test  with  24  hour  settling  and  lowest  in  the  20  percent  test 
with  1-hour  settling.  There  was  no  pattern  with  the  other 
sediments.  Mercury  concentrations  in  TCC-2  and  3 elutriates 
were  considerably  higher  than  those  in  Site  1 elutriates. 

This  may  be  due  to  the  changes  in  analytical  procedures  for 
mercury  concentrations,  which  were  discussed  in  Part  II. 

Table  289  shows  the  results  of  metals  analyses 
of  the  site  water  and  elutriates  from  tests  performed  with 
the  TCC-1  samples  after  storage.  Manganese  was  released  as 
a function  of  increased  sediment  percentage  of  the  total 
eluti’iate  volume.  The  trend  and  amount  of  manganese  release 
were  similar  to  those  observed  in  the  previous  tests.  In 
these  later  tests,  zinc  concentrations  showed  no  change, 
while  in  the  previous  tests  (April  8,  1975)  zinc  removal  had 
been  apparent. 

No  change  in  the  copper,  cadmium,  chromium,  and 
lead  concentrations  were  observed  in  the  June  test.  In  the 
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earlier'  tests,  however,  increases  indicating  release  were 
noted  tor'  cadmium,  nickel,  and  chromium.  In  the  original 
tests  the  most  significant  release  was  th.it  of  chromium, 
with  concentrations  reaching  lb9  pg/1.  In  the  June  test 
chromium  concentrations  remained  below  4 pg/1.  Moderate 
iron  release  occurred  in  both  sets  of  tests.  Mercury  re- 
lease was  apparent  in  the  later  tests,  with  increasing  re- 
lease as  percentage  of  sediment  content  increased.  In  the 
early  tests  mercury  appeared  to  be  removed  in  the  5 percent 
sediment  test;  no  change  was  noticed  in  the  20  percent  test. 

Overall,  the  results  from  the  two  sets  of  tests 
did  not  agree  well,  except  for  manganese  and  lead  release. 
Sample  storage  resulted  in  elutriate  test  results  which  gave 
a comparative  underestimat  ion  ot  the  potential  of  sediments 
to  release  metals. 

Table  .’00  presents  the  metal  analyses  of  the 
modified  anoxic/oxic  elutriate  tests  performed  with  TCC-1 
sediment  and  water  on  June  10.  Statistically  significant 
release  ot  manganese  was  seen  in  both  elutriates.  Release 
was  greater  in  the  20  percent  sediment  content  test  (1551 
pg/1).  There  was  no  statistical  difference  in  the  concen- 
trations of  sine,  copper,  chromium,  cadmium,  or  lead  in  the 
elutriates  and  the  test  water.  Apparent  release  ot  nickel 
occurred,  the  amount  being  the  same  in  both  tests.  Similar 
small  apparent  releases  ot  iron  were  also  observed  in  the 
two  e 1 vi t riates  . 

Table  1 presents  the  results  ot  heavy  metal 
analyses  for  TCd-4 , b,  and  0 elutriate  tests.  Substantial 
release  ot  manganese  occurred  with  TCC-4 . The  amount  re- 
leased increased  with  increasing  sediment  content  ot  the 
test  in  a lineal’  manner.  Manganese  levels  reached  1,  200  pg/1 
in  the  20  percent  sediment  test , which  was  four  times  the 
amount  found  in  the  b percent  elutriate.  A very  small 
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increase  in  iron,  from  5 pg/1  to  about  10  pg/1  was  noted.  No 
significant  change  from  site  water  concentrations  of  chromium, 
cadmium,  zinc,  nickel,  lead,  copper,  mercury,  or  arsenic  was 
detected  in  the  elutriate. 

Very  lai'ge  quantities  of  manganese  were  released 
in  TCC-5  tests.  Concentrations  reached  2,750  ug/1  in  the  5 
percent  test.  Nickel  was  observed  to  increase  from  5 to  8 
pg/1.  A small  decrease  in  zinc  was  also  noted.  No  statistical 
ly  significant  change  was  observed  for  other  metals  monitored. 

In  tests  with  TCC-6  sediment,  there  was  again 
substantial  manganese  release,  only  in  this  case  it  was  in 
proportion  to  sediment  content  of  the  test.  The  5 percent 
elutriate  concentration  (905  pg/1)  and  20  percent  concentra- 
tion (1600  pg/1)  were,  respectively , lower  and  higher  than 
the  concentrations  in  the  corresponding  TCC-5  elutriates. 

There  was  a small  but  statistically  significant  decrease  in 
the  zinc  concentration , from  3.0  pg/1  to  less  than  1 pg/1. 

Also,  small  increases  in  iron  concentrations,  from  5 Pg/1  to 
20  Pg/1,  were  observed.  TCC-6  site  water  and  elutriate  con- 
centrations of  other  metals  determined  were  statistically 
identical . 

Data  on  release  of  heavy  metals  during  elutriation 
of  TCC-4,  5,  and  6 samples  after  one  month  of  storage  are  pre- 
sented in  Table  292.  Manganese  and  iron  were  released  from 
all  three  sediments  as  they  had  been  in  the  previous  elutri- 
ate tests.  Manganese  and  iron  releases  seen  in  the  previous 
TCC-4,  5,  and  6 elutriate  tests  and  storage  tests  were 
qualitatively  the  same.  There  was  a dramatic  increase  in 
zinc  and  nickel  concentrations  in  the  elutriates  of  stored 
samples.  Although  this  may  reflect  some  chemical  change 
during  storage  (at  4l'C),  it  may  also  be  the  result  of  hand- 
ling and  analysis.  In  the  later  tests,  there  was  some  up- 
take of  nickel  although  release  had  been  seen  earlier.  All 
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other  metals  determined  showed  almost  identical  concentra- 
tions before  and  after  the  storage  period. 

Nitrogen  Compounds 

Total  Kjeldahl  nitrogen  concentrations  were  deter 
minted  for  each  of  the  Texas  City  sediments;  ammonium  and 
organic  N were  determined  for  TCC-4,  5,  and  6 samples  only. 
The  data  shown  in  Table  293  indicate  that  total  Kjeldahl 
nitrogen  concentrations  ranged  from  643  mg  N/kg  for  TCC-2 
sediment  to  1820  mg  N/kg  for  the  TCC-3  sediment.  Except  for 
the  sediments  from  TCC-2  and  TCC-5,  all  other  Texas  City 
sediments  had  TKN  concentrations  above  1000  mg  N/kg.  The 
highest  ammonium  and  organic  N concentrations  were  in  the 
TCC-4  sediment  sample. 

Nitrogen  compound  release  data  in  Table  294  show 
that  ammonium  release  in  the  April  8 TCC-1  oxic  tests  was 
higher  in  the  24  hour  elutriates.  Further,  ammonium  release 
was  greater  with  increased  sediment  percentage  in  the  elu- 
triate. Organic  N concentrations  decreased  and  appeared  to 
vary  inversely  with  the  percent  sediment  in  the  total  elu- 
triate volume.  Nitrate  concentrations  apparently  did  not 
change  in  the  elutt'iates. 

Table  295  presents  nitrogen  data  for  elutriate 
tests  of  sediment  samples  from  Sites  2 and  3.  Because  the 
samples  had  to  be  centrifuged,  the  organic  N concentrations 
do  not  represent  total  values,  but  rather  the  combined  dis- 
solved and  fine  particulate  nitrogen  fractions.  Site  water 
was  not  centrifuged  prior  to  analysis. 

Nitrate  concentrations  decreased  slightly  or  re- 
mained unchanged  in  all  elutriates.  Ammonium  release,  which 
was  in  readily  measurable  amounts,  was  a function  of  the  pet' 
cent  sediment  in  the  total  elutriate  volume.  Release  was 
greatest  in  the  Site  2 20  percent  elutriate,  but  still  below 
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Table  293 

Nitrogen  Compound  Concentrations:  Texas  City  Channel 

Sediment  Samples 
(mg  N/kg) 


Sample 

Designation 

Total  Kjeldahl 
Nitrogen 

Organic  N 

Ammonium 

X 

SD 

X 

SD 

X 

SD 

TCC-i 

1670 

47 

_ 

_ 

_ 

_ 

TCC-2 

643 

12 

- 

- 

- 

- 

TCC-3 

1820 

432 

- 

- 

- 

- 

TCC-4 

1670 

47 

1376 

159 

294 

112 

TCC-5 

654 

35 

618 

35 

36 

0 

TCC-6 

1249 

116 

1027 

143 

222 

27 

Mean  and  standard  deviation  calculated  from  duplicate  analyses. 
Dash  (-)  indicates  data  not  available. 

Table  294 

Nitrogen  Compound  Concentrations:  Texas  City  Channel 
Site  1 Oxic  Elutriate  Tests 
(mg  N/l) 


Sample 

Orj 

>anic  N 

Ammonium 

Nitrate 

Designation 

X 

SD* 

X 

SD* 

X 

SD** 

Site  Water 

5.0 

1.0 

0 . 59 

0.04 

0.08 

0.01 

5%  (1  hr) 

3.2 

1.3 

3.06 

0.18 

0 .05 

0 . 01 

(24  hr) 

2.2 

0.7 

3.84 

0.2 

0 .06 

0.02 

20%  (1  hr) 

0.2 

1.5 

7 . 5 

0.1 

0.05 

0 

(24  hr) 

0.6 

0.6 

10.3 

0 .07 

0 .02 

Dash  (-)  indicates  that  only  one  sample  was  analyzed. 

"Mean  and  standard  deviation  calculated  from  duplicate  analyses. 

""Mean  and  standard  deviation  calculated  from  triplicate 
analyses . 
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Table  296 


litiv.iyn  Confound  Concentrations: 


Texas  City  Sites 


and  3 


Cxic  elutriate  Tests  with  One-Hour  Settling 
(mg  N/l) 


Sample 
Lgnati  n 


Organic  N 
X SD' 


Ammonium 

X SD ' 


Mi trate 


X 


SD 


~T: 


iVC-2  : 

Ltito  Water 
5 p 

2 0a 

TCC-o : 

Site  Wat e i- 

b *b 
20% 

. : . . ■ s cent!  i fuged 
"Mean  and  standard 
""Moan  and  standard 


0 . 

, 2 5 

0 , 

. 0 2 

0 , 

. 15 

0 . 

01 

0 , 

. 11 

0 , 

.01 

<0  . 

,05 

0. 

,08 

1 , 

, 59 

0 

0 . 

.11 

0 , 

.01 

<0  . 

, 0 5 

0. 

. 6 8 

u , 

, 02 

0. 

08 

0, 

, 09 

0. 

, 01 

0. 

, JO 

0 . 

, 21 

0 , 

) ) 

0 . 

01 

0 . 

, 11 

0 . 

,01 

<0. 

, 0 5 

0 , 

.21 

2 , 

,98 

0 . 

01 

0 , 

, 09 

0 , 

,01 

<0  , 

,05 

0 , 

. 2 3 

4 , 

. 66 

0. 

23 

0 . 

, 11 

0 , 

, 01 

prior  to  analysis. 

deviation  calculated  from  duplicate  analyses, 
deviation  calculated  from  triplicate  analyses. 


that  of  tiie  Site  1 elutriates.  Organic  N concentrations  in 
tin-  elutriates  were  generally  lower  than  those  in  the  site 
water,  but  this  was  probably  due  to  the  centrifugation  step. 

Table  296  shows  results  of  tests  run  on  Site  1 sedi- 
ment on  June  17  (81  days  after  sample  collection).  Organic  N 
data  again  reflect  less  than  total  values  because  samples  were 
centrifuged  for  5 minutes  at  9000  RPM  prior  to  analysis.  Re- 
sults of  nitrogen  analysis  show  that  nitrate  increased  in  the 
June  tests;  it  had  decreased  in  the  April  tests.  The  increase 
was  substantial  (b-fold)  in  the  20  percent  eluti’iate.  Ammonium 
release  was  similar  in  both  sets  of  elutriates. 

Replicate  20  and  25  percent  TCC-1  anoxic/oxic  elutri- 
ates were  prepared  and  subjected  to  nitrogen  compound  analysis. 
Organic  N samples  were  centrifuged.  Nitrogen  data  (Table  297) 
show  major  increases  in  nitrate  and  organic  N concentrations  in 
the  25  percent  elutriates.  A smaller  increase,  about  50  percent, 
was  apparent  in  ammonium  concentrations. 
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Table  296 

Nitrogen  Compound  Concentrations:  Texas  City  Channel  Site  1 
Oxic  Elutriate  Tests  Performed  June  17,  1975 
(mg  N/l) 


Sample 

0r> 

;anic  N 

Ammonium 

Nitrate  1 

Designation 

X 

SD* 

X 

SD* 

X 

SD** 

Site  Water 

0.23 

0.02 

<0.05 

0 

0 .08 

0.01  ] 

5%  < 

0.05 

0.06 

2.42 

0.02 

0.10 

0 . 01 

20%  < 

0.05 

0.53 

8.34 

0 . 17 

0.43 

0.02 

Samples  centrifuged  prior  to  analysis. 

*Mean  and  standard  deviation  calculated  from  duplicate  analyses, 

" "Mean  and  standard  deviation  calculated  from  triplicate 
analyses . 

Table  297 

Nitrogen  Compound  Concentrations:  Texas  City  Channel  Site  1 
Anoxic/Oxic  Elutriate  Tests  Performed  June  19,  1975 

(mg  N/l) 


Sample 

Organic  N 

Ammonium 

Nitrate 

Designation 

X 

SD* 

X 

SD* 

X 

SD** 

Site  Water 

0.27 

0 . 04 

<0.05 

0 

0.10 

0.01 

20% 

0.05 

0 . 5 

12 . 3 

0.1 

0.12 

0.  01 

2 5% 

1.01 

0.2  9 

12 . 8 

0.07 

0.50 

0.01 

Samples  were  centrifuged  before  analysis. 

*Mean  and  standard  deviation  calculated  from  duplicate  analyses, 

**Mean  and  standard  deviation  calculated  from  triplicate 
analyses . 
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Table  298 

• . Ltrcgon  Compound  Concent  rat  ions  : Texas  City  Sites  , b,  and  l 

Oxic  Elutriate  Tests 
(mg  N/l) 


Sample 

Organic 

N 

Ammon i urn 

Nit 

ra  t e 

Des ignat ion 

X 

SD* 

X 

SD* 

X 

SD*: 

rLC-4 

Site  Water 

0 . 84 

0.30 

0.12 

0 

0.10 

0 .01 

5% 

<0.05 

-vO 

4.50 

0.09 

0.42 

0.01 

20% 

<0.05 

-vO 

10.2  5 

0.25 

0.74 

0.02 

T C C - 5 : 

Site  Water 

0 . 7 VJ 

0 .22 

0.12 

0 

0.11 

0.01 

5 % 

0.93 

0.  16 

1.63 

0.01 

0.05 

0.01 

2 0% 

<0 . 05 

■v0 

2.95 

0.02 

0.09 

0.01 

TCC- 6 : 

Site  Water 

0 . 15 

0.0  9 

0.12 

0.01 

0 . 04 

0.01 

5% 

0.91 

0.01 

4.41 

0 . 01 

0.50 

0.01 

20% 

2,6b 

2.  30 

15.70 

0.42 

0.31 

0.02 

*Mean  and  standard  deviation  calculated  from  duplicate  analyses. 


**Mean  and  standard  deviation  calculated  from  triplicate  analyses 


Phosphorus  Compounds 

The  total  phosphorus  content  of  the  Texas  City 
Channel  sediments  is  presented  in  Table  300.  There  does 
not  appear  to  be  an  overall  pattern  (considering  all  six 
locations)  of  concentration  with  regard  to  sampling  location. 
In  the  first  sampling  series  (TCC-1,  2 .and  3),  the  greatest 
concentration  was  found  at  TCC-1  (farthest  up  the  turning 
basin),  the  lowest  at  TCC-2,  and  an  intermediate  value  at 
TCC-3  (the  most  seaward  site).  Concentrations  at  TCC-4  , 5, 
and  6 were  all  greater  than  those  from  the  other  TCC  sites, 
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Table  299 


Nitrogen  Compound  Concentrations: 

Texas  City 

Sites  4 , 5 

and  6 

Oxic  Elutriate  Tests 

Performed  October 

31,  1975 

(mg  N/l) 

Sample 

Designation 

Organic 

N 

Ammonium 

Nitrate 

X 

SD* 

X 

X 

SD** 

TCC-4 : 

Site  Water 

1.89 

0.30 

0.24 

0.19 

0 . 01 

20%  Oxic  A 

<0.05 

^0 

9.38 

0.10 

0.0  2 

B 

0.32 

0 

15.1 

<0.04 

%o 

TCC-S  : 

• 

Site  Water 

0.31 

0 

0.22 

0 .09 

0.01 

20%  Oxic 

1.17 

0.52 

4 . 31 

0 .05 

0.01 

TCC-6 : 

Site  Water 

0.85 

0 

0.21 

0 .08 

0.01 

20%  Oxic 

<0.05 

-vO 

11.3 

0.07 

0.01  ' 

A and  B are  replicates. 

*Mean  and  standard  deviation  calculated  from  duplicate  analyses. 
**Mean  and  standard  deviation  calculated  from  triplicate  analyses. 

Table  300 


Total 

Phosphorus  Concentrations:  Texas 

City 

Channel  Sediment 

(mg  P/kg  dry  weight) 

Sample 

Total 

Phosphorus 

Designation 

\ 

SD 

(TCC  Site) 

1 

750 

70 

2 

473 

59 

3 

644 

23 

4 

1468 

34 

5 

937 

7 

6 

12  3 2 

14 

Mean  and  standard  deviation  calculated  from  duplicate  analyses 
of  one  sediment  sample. 
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. ill  . w<  ; a similar  pattern,  i.e.  , the  greatest  concentra- 
tion was  found  farthest  up  the  turning  basin  (TCC-4),  the 
lowest  was  found  at  the  mouth  of  the  turning  basin  (between 
and  .),  and  the  intermediate  concentration  at  TCC-6, 
the  most  seaward  site. 

The  mean  soluble  orthophosphate  and  total  phos- 
phorus concentrations  found  in  Texas  City  Channel  Sites  1, 
and  3 elutriates  are  presented  in  Table  301.  The  site 
waters  from  all  three  locations  had  essentially  the  same  con- 
centrations of  soluble  ortho  P and  total  P.  The  fresh  Site  1 
sediment  released  about  the  same  amount  of  soluble  ortho  P 
in  both  the  5 percent  and  20  percent  (one  hour)  tests;  it 
released  greater  amounts  after  the  24-hour  settling  period 
than  after  the  one-hour  period.  The  total  P release  was  also 
about  the  same  in  the  5 and  20  percent  elutriates  settled  for 
one  hour.  The  settling  time  did  not  appear  to  affect  the 
total  P concentration  in  the  5 percent  elutriate.  However,  the 
20  percent  elutriate  settled  for  24  hours  had  a phosphorus 
concentration  four  times  greater  than  that  settled  for  one  hour. 

The  TCC-2  five  percent  elutriate  (also  in  Table  301) 
showed  a sO  percent  reduction  in  soluble  orthophosphate  concen- 
tration to  0.048  mg  P/1.  The  20  percent  elutriate  had  the 
same  concentration  as  the  site  water.  The  total  P concentra- 
tion of  the  5 percent  elutriate  was  slightly  lower  than  that 
of  the  site  water;  however,  the  20  percent  elutriate  showed  a 
twc-fold  increase  over  the  site  water  concentration  of  0.12  mg 
P/1. 

The  TCC-3  five  and  20  percent  elutriates  showed  re- 
ductions in  soluble  orthophosphate  concentration  to  0.054  and 
0.074  mg  P/1,  respectively , from  the  0.10  mg  P/1  concentration 
in  the  site  water.  The  total  P content  remained  virtually  un- 
affected by  oxic  elutriation.  Table  301  also  presents  phos- 
phorus concentrations  in  TCC-1  elutriaces  which  were  run  on 
samples  that  had  been  stored  for  83  days.  The  site  water 
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Table  301 

Soluble  Orthophosphate  and  Total  Phosphorus  Concentrations: 


Texas  City  Channel 

Sites  1, 

2 , and  3 

Oxic  Elutriate 

i Tests 

(mg 

P/1) 

Sample 

Soluble 

Ortho  P 

Total 

P 

Designation 

(1975) 

X 

SD 

X 

SD 

TCC-1  (April  8): 

Site  Water 

0.095 

0.021 

0.10 

0 

5%  (1  hr) 

0.24 

0.005 

0.27 

0.01 

(24  hr) 

0.  30 

0.008 

0.30 

0.01 

20%  (1  hr) 

0.22 

0.008 

0.24 

0.01 

(24  hr) 

1.  3 

0.03 

>1.0* 

- 

TCC-1  (June  17): 

Site  Water 

0 .082 

0.003 

- 

5%  (1  hr) 

0.15 

0.004 

- 

20%  (1  hr) 

0.36 

0.003 

- 

TCC-2  (April  8): 

Site  Water 

0.11 

0.006 

0.12 

0 . 01 

5%  (1  hr) 

0.048 

0.002 

0.09 

0 .01 

20%  (1  hr) 

0.11 

0 

0.24 

0.01 

TCC-3  (April  8): 

Site  Water 

0.10 

0.003 

0.13 

0.01 

5%  (1  hr) 

0 .054 

0 .005 

0.13 

0.01 

20%  (1  hr) 

0.074 

0.003 

0.15 

0 .01 

Dash  (-)  indicates  no  analysis  made. 

Mean  and  standard  deviation  calculated  from  duplicate  or 
triplicate  analyses  of  one  sample 

’•Sample  absorbance  exceeded  that  of  highest  standard;  insuf- 
ficient sample  remained  to  rerun  analysis. 
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soluble  orthophosphate  concentration  was  slightly  lower  after 
storage.  The  release  of  soluble  ortho  P in  the  5 percent 
test  was  less  than  it  had  been  prior  to  storage;  the  release 
in  the  20  percent  elutriate  was  greater  after  storage,  however. 

The  soluble  orthophosphate  concentrations  in  TCC-1 
anoxic/oxic  elutriates  (Table  302)  were  nearly  six  times 
greater  than  the  concentration  found  in  the  20  percent  oxic 
stored  elutriate  (Table  301).  (Stored  elutriate  was  used  for 
comparison  since  it  was  tested  on  July  17;  the  anoxic/oxic 
tests  were  run  June  19.)  There  were  no  differences  between 
soluble  ortho  P or  total  P concentrations  in  the  20  and  25  per- 
cent elutriates. 

Orthophosphate  data  from  oxic  elutriate  tests  on 
sediment  and  water  collected  in  September  from  Texas  City 
Sites  4,  5,  and  6 are  presented  in  Table  303.  Soluble  ortho- 
phosphate concentrations  in  the  three  site  waters  appeared  to 
increase  slightly  from  TCC-4  to  5 to  6 . These  concentrations 
were  about  two  times  greater  than  they  had  been  in  the  same 
general  area  six  months  earlier  (Table  301).  Sediment  from 
TCC-4  released  soluble  ortho  P upon  elutriation;  the  increase 
(1.5-fold)  was  approximately  the  same  in  both  the  5 and  20 
percent  elutriates.  The  TCC-5  elutriates  showed  slightly 
decreased  soluble  ortho  P concentrations  following  elutriation; 
the  reduction  was  less  in  the  5 percent  elutriate.  The 
TCC-6  five  percent  elutriate  also  showed  a reduction  in  the 
soluble  ortho  P concentration  below  that  of  the  site  water, 
whereas  the  20  percent  elutriate  showed  a slight  increase  in 
concentration.  The  difference  in  behavior  between  the  two 
TCC-6  elutriates  may  be  related  to  the  difference  in  percent 
sediment  used  and/or  the  difference  in  D.O.  concentrations 
after  settling;  the  5 percent  elutriate  had  5.8  mg/1  D.O., 
whereas  the  20  percent  elutriate  D.O.  had  1.3  mg/1. 
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Table  302 


Soluble  Ort hophosphate  and  Total  Phosphorus  Coneentra t ions : 
Texas  City  Channel  Site  1 Anoxic/ Oxic  Elutriate  tests 
Performed  June  19,  1975 
(mg  P/1 ) 


Samp le 

Soluble  Ortho  P 

Total  P 

Designation 

X SD 

X 

SD 

Site  Water 

0.11  0.002 

0.11 

0 

20% 

2.1  0 

1 . 6 

0.0  3 

2 5% 

2.1  0 

1 . 8 

0.03 

Mean  and  standard  deviation  calculated  from 
triplicate  analyses  of  one  sample. 

elutriates  were  centrifuged  at  9000  rpm  for 
analysis . 

duplicate  or 

5 minutes  prior  to 

Table  303 

So luble  Or thophosphate 

Concen t rat ions : 

Texas  City 

Channel  Sites  4,  5 

and  6 Oxic  Elutriate  Tests 

(mg  P/1) 

Sample 

Soluble  Ortho  P 

Des igna t ion 

X 

SD 

TCC-4 : 

Site  Water 

0.17 

0 

5% 

0.28 

0 . 018 

2 0% 

0.26 

0 . 001 

TCC-b : 

Site  Water- 

0 . 18 

0 . 0 0 3 

6% 

0 .13 

0.003 

2 0% 

0.15 

0.001 

TCC-6 : 

Site  Water 

0.2  0 

0.002 

5% 

0.12 

0.001 

2 0% 

0.22 

0 

Mean  and  standard  deviation  calculated  from 

triplicate 

analyses  of  one  sample. 
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Table  304  presents  the  orthophosphate  results  for 
TCC-4,  b,  and  6 samples  stored  40  days  and  then  elutriated. 
Following  the  storage  period,  soluble  ortho  P concentrations 
in  TCC-4  and  5 site  waters  were  34  and  15  percent  greater, 
respectively.  TCC-6  site  water  soluble  ortho  P was  11  per- 
cent lower  than  it  had  been  prior  to  storage.  After  storage, 
the  direction  of  concentration  change  as  a result  of  elutria- 
tion  was  exactly  opposite  that  found  in  earlier  tests;  where 
release  of  soluble  oi'tho  P in  elutriates  had  been  found  before 
sample  storage  (TCC-4  and  6),  uptake  was  found  in  elutriate 
tests  after'  storage.  Where  uptake  was  found  before  storage 
(TCC-5),  release  was  found  afterwards. 

Table  304 

Soluble  Orthophosphate  Concentrations : Texas  City 
Sites  4,  5 and  b Oxic  Elutriate  Tests 
Performed  October  31  , 19  75 

(mg  P/1) 


Sample 

Designat ion 

Soluble 

X 

Oi'tho  P 

SD 

TCC-4 : 

Site  Water 

0.2  3 

0 . 001 

20b  Oxic  A 

0 . 17 

0.002 

B 

0. 10 

0 .001 

TCC-5 : 

Site  Water 

0.21 

0 

301  Oxic 

0.27 

0 

TCC-0  : 

Site  Water 

0.18 

0 

2 01  0 x i c 

0.042 

0.00  2 

A and  B are  replicates. 

Mean  and  standard  deviation  calculated  from  triplicate  analyses 
of  one  sample. 


’•Samp  les 


collected  September  30. 
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Organic  Compounds 

A 5 percent  elutriate  test  was  run  on  samples  from 
Texas  City  Site  1.  Figure  102A  shows  resolution  of  31  peaks 
on  the  EC  chromatograms  of  TCC-1  sediment.  Aldrin,  pp'DDT, 
dieldrin,  lindane,  and  PCBs  were  detected  in  the  sediment. 

The  PCB  value  of  7426  pg/kg  is  one  of  the  highest  sediment 
concentrations  found  in  this  study.  This  could  be  due  to  a 
possible  point  source  discharge. 

Sixteen  of  the  peaks  present  in  the  sediment  were 
detected  in  the  water  sample  (Figure  102B).  The  same  chloi^- 
inated  hydi'ocarbons  detected  in  the  sediment  were  detected  in 
the  water,  but  only  the  aldrin  concentration  was  above  the 
detection  limit. 

The  profile  of  organic  residue  of  the  elutriate 
shows  five  peaks  in  addition  to  the  16  peaks  detected  in  the 
water.  Generally,  the  magnitude  of  these  peaks  is  higher 
than  that  of  the  water,  indicating  a tendency  for  release  of 
organic  residues.  Table  305  lists  the  relative  retention 
time  correlation  values  of  sediment,  water,  and  elutriate 
derived  from  Figure  102. 

The  concentrations  of  chlorinated  hydrocarbon  pes- 
ticides and  PCBs  are  presented  in  Table  306.  The  oil  and 
grease  of  the  sediment  (304  mg/kg)  is  in  a low  concentration 
range,  which  would  indicate  a low  affinity  for  sorption  of 
PCBs  and  chlorinated  hydrocarbon  pesticides.  The  results 
of  the  elutriate  test  show  a release  of  lindane,  aldrin,  and 
PCBs. 

A 20  percent  elutriate  was  run  on  samples  from 
Texas  City  Site  4.  The  profile  of  organic  residues  on  the 
EC  chromatograms  of  the  sediment  and  watet"’  showed  essentially 
the  same  fingerprints  detected  in  the  TCC-1  sediment  and 
water  samples  (Figure  102).  The  EC  chromatograms  of  the 
elutriate  showed  significant  release  for  most  of  the  peaks 
detected  in  the  sediment. 


ti.  5 u 1 Raw  Water  Extract 
Sul  fur  Removed 


C.  5 ul  Elutriate  Extract 
Sulfur  Removed 

Total  Volume:  1.0  ml  * 3 L 


- - m Retention  Time  (min ) 

Figure  102 

Profile  of  Organic  Residues  on  EC  Chromatograms:  Texas  City 
Channel  Site  1 Sediment,  Water  and  Elutriate 
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Table  305 


Relative  Retention  Correlation  Data: 


Texas  City 

Site  1 

Elutriate  Test 

Peak 

Number 

Organic 

Compound 

X 

mm 

R 

r 

Sediment 

Water 

Elutriate 

1 

Lindane 

18 

0.22 

// 

// 

// 

2 

23 

0.28 

/ 

/ 

/ 

3 

25 

0.30 

/ 

/ 

4 

28 

0.33 

/ 

/ 

/ 

5 

32 

0.39 

/ 

/ 

/ 

6 

36 

0.43 

/ 

/ 

/ 

7 

39 

0.47 

/ 

/ 

/ 

8 

41 

0.49 

/ 

/ 

/ 

9 

46 

0.55 

/ 

/ 

/ 

10 

51 

0.61 

/ 

/ 

/ 

11 

56 

0.67 

/ 

/ 

/ 

12 

60 

0.72 

/ 

/ 

/ 

13 

66 

0.78 

/ 

/ 

/ 

14 

73 

0.87 

/ 

/ 

/ 

15 

Aldrin 

83 

1.00 

// 

// 

// 

16 

86 

1.04 

/ 

✓ 

/ 

17 

95 

1.14 

/ 

18 

103 

1.27 

/ 

/ 

/ 

19 

120 

1.45 

/ 

/ 

20 

134 

1.61 

/ 

/ 

21 

152 

1.83 

/ 

/ 

22 

Dieldrin 

169 

2.04 

// 

23 

177 

2.13 

/ 

24 

197 

2.37 

/ 

/ 

25 

209 

2.52 

/ 

26 

pp ' DDT 

234 

2.81 

// 

// 

././ 

27 

255 

3.07 

/ 

28 

280 

3.37 

/ 

29 

295 

3.55 

/ 

30 

311 

3.75 

/ 

31 

356 

4.29 

/ 

/ = Compound  indicated  on  one  column. 
//  = Compound  indicated  on  two  columns. 
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Table  306 

Data  for  Organic  Compounds  and  Related  Parameters : 


Texas  City  Site  1 Elutriate  Test 


Parameter 

Sediment 

Water 

Elutriate 

(pg/kg) 

(ng/1 ) 

(ng/1) 

Chlorinated  Hydrocarbons: 

Aldrin 

3.4 

1.4 

3.6 

op 'DDT 

<1.6 

<3.0 

<3.0 

pp ' DDT 

8.4 

<3.0* 

<3.0* 

op ' DDD 

<2.0 

<2.0 

<2 . 0 

pp ' DDD 

<2 . 0 

<2.0 

<2.0 

op ' DDE 

<1.4 

<2.0 

<2 . 0 

pp' DDE 

<1.4 

<2.0 

<2 . 0 

Dieldrin 

2.7 

<1.2* 

<1.2* 

Endosulfan  I 

<0.9 

<1.2 

<1.2 

Endosulfan  II 

<3.4 

<4.4 

<4.4 

Endrin 

<1.2 

<1.6 

<1.6 

Heptachlor 

<0  . 3 

<0.4 

<0.4 

Lindane 

1.0 

<0 . 3* 

1.5 

PCBs 

7426 

130 

150 

Other  Organic  Compounds 

Oil  and  Grease 

304  mg/kg 

NT 

NT 

Total  Organic  Carbon 

NT 

NT 

NT 

Total  Inorganic  Carbon 

OO 

i — 1 

NT 

NT 

’’'Compound  indicated  on  two  columns,  but  below  detection  limit. 
NT  = not  tested. 
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Measurable  amounts  of  aldrin,  pp'DDT,  pp'DDE,  lin- 
dane, and  PCBs  were  detected  in  the  sediment.  Only  lindane, 
aldrin,  and  PCBs  were  detected  in  the  water.  In  the  elutri- 
ate there  was  release  of  aldrin,  pp'DDT,  pp'DDE,  lindane, 
and  PCBs. 

Table  307  presents  the  results  of  the  organic  anal- 
yses. The  quality  of  the  sediment  in  terms  of  percent  total 
carbon  and  oil  and  grease  content  was  comparable  to  that  of 
the  TCC-1  sediment.  The  concentrations  of  chlorinated  hydro- 
carbon pesticides  were  similar  to  those  in  the  Site  1 sedi- 
ment, except  that  dieldrin  was  not  detected.  The  value  of 
PCBs  (3010  ug/kg)  was  less  than  half  of  the  value  reported 
for  the  TCC-1  sample. 

The  water  contained  aldrin,  lindane,  and  PCBs  at 
concentrations  of  1.4  and  1.0  and  52  ng/1,  respectively. 
Release  was  found  in  the  elutriate.  Concentrations  of  aldrin 
(8.9  ng/1),  pp'DDE  (5.6  ng/1),  lindane  (1.6  ng/1),  and  PCBs 
(9619  ng/1)  were  higher  than  those  found  in  the  water.  The 
PCB  release  was  one  of  the  largest  releases  found  in  this 
study. 

Bioassays 

Elutriates  of  sediment  from  each  Texas  City  site 

22  ■ . 

and  US  EPA  Reconstituted  Sea  Water  were  used  m a series 
of  bioassays.  Table  308,  which  presents  the  characteristics 
of  the  bioassay  elutriates  of  Texas  City  Site  1 sediments, 
shows  that  the  total  ammonium  nitrogen  content  for  the  20 
percent  sediment  test  was  approximately  7 mg  N/l,  of  which 
approximately  0.47  mg/1  was  unionized  ammonia.  In  addition, 
there  were  decreases  in  the  D.O.  and  specific  conductance 
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Table  307 


Data  for  Organic  Compounds : Texas  City 
Site  4 Elutriate  Tests 


Parameter 

Sediment 

Water 

Elutriate 

(yg/kg) 

(ng/1 ) 

rH 

U) 

C 

Chlorinated  Hydrocarbons: 

Aldrin 

2.6 

1.4 

8.9 

op ' DDT 

<1.6 

<3.0 

<3.0 

pp ' DDT 

6.2 

<3.0 

12.0 

op ' DDD 

<1.4 

<2.0 

<2.0 

pp ' DDD 

<1.4 

<2.0 

<2.0 

op ' DDE 

<1.4 

<2.0 

<2.0 

pp ' DDE 

3.3 

<2 . 0 

5.6 

Dieldrin 

<0  . 8 

<1.2 

<1.2 

Endosulfan  I 

<0.9 

<1.2 

<1.2 

Endosulfan  II 

<3.4 

<4.4 

<4.4 

Endrin 

<1.2 

<1.6 

<1.6 

y t achlor 

<0.3 

<0.4 

<0.4 

Lindane 

0 . 4 

1.0 

1.6 

PCBs 

3010 

52 

9619 

Other  Organic  Compounds 

Oil  and  Grease 

533  mg/kg 

0 .92 

mg/1  147  mg/1 

Total  Organic  Carbon 

0.8  % 

NT 

NT 

Total  Inorganic  Carbon 

1.5  % 

NT 

NT 
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and  increases  in  turbidity.  The  decreases  in  specific  con- 
ductance reflect  the  lower  salinity  periodically  found  in  a 
system  affected  by  fluctuations  in  seasonal  rainfall.  Table 
309  shows  manganese  concentrations  over  100  mg/1  in  the  5 
percent  sediment  test  and  lower  concentrations  in  the  10  and 
20  percent  tests.  Small  amounts  of  iron  were  released, 
while  mercury  and  chromium  were  removed.  Other  metals  moni- 
tored showed  no  statistically  significant  changes. 

Table  310  presents  the  results  of  the  96-hour 
bioassay  on  P.  pugio  in  these  elutriates.  Examination  of  the 
data  shows  that  no  toxicity  to  P.  pugio  was  found  for  the  5 
and  10  percent  sediment  elutriates.  Ten  percent  toxicity  was 
observed  after  24  hours  and  20  percent  toxicity  after  36 
hours  for  the  20  percent  sediment  elutriates. 

The  chemical  characteristics,  heavy  metal,  and  bio- 
assay results  for  Texas  City  Site  2 bioassay  elutriates  are 
presented  in  Tables  311,  312,  and  313,  respectively.  The 

chemical  changes  were  similar  to  those  observed  for  TCC  Site 
1 elutriates  (Table  308 ) , except  that  total  ammonium  nitro- 
gen concentrations  were  considerably  lower.  Heavy  metal 
behavior  was  also  comparable  to  that  found  for  the  Site  1 
bioassay  elutriates.  Site  2 sediments  showed  limited  toxicity 
(10  to  20  percent  mortality)  to  P.  pugio . 

Tables  314  and  315  show  that  Texas  City  Site  3 elu- 
triates were  similar  to  those  of  Site  1 in  both  general 
physiochemical  parameters  and  heavy  metals,  except  that 
manganese  was  higher  with  20  percent  sediment  tests  than  in 
the  5 percent  sediment  tests.  Toxicity  results  for  Site  3 
elutriates  (Table  316)  were  also  similar  in  that  there  was 
limited  toxicity  (10  t^  20  percent  mortality)  to  P_.  pugio . 
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Table  309 

Release  of  Heavy  Metals:  Texas  City  bite 
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Response  of  P.  pugio  to  Varying  Sediment  Percent  of 
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The  chemical  characterist ic  data  for  Site  ‘t  samples 
presented  in  Table  U"  show  that  the  total  ammonium  nitrogen 
for  the  JO  percent  sediment  test  was  8 to  10  mg  N/l,  with 
approx  imat  e lv  0.0  b mg/ l present  as  unionized  ammonia.  In 
addition,  there  were  decreases  in  P.0.  and  increases  in 
t urb  i ,1  i t v . 

The  results  ot  the  heavy  m-’tal  analysis  of  the  Site 
l>  bioassay  elutriates  are  presented  in  Table  018.  Increased 
manganese  release  was  observed  with  increased  sediment  per- 
centage in  the  elutriates.  Manganese  conceit t ra t ions  over 
1000  vig  l were  observed  in  the  JO  percent  sediment  tests. 

Iron  release  ranged  t rom  approx imat ely  J000  pg/ 1 in  one  JO 
percent  replicate  to  0000  pg/1  i it  a 10  percent  test.  Release 
ot  /.inc  generally  increased  with  increasing  sediment  percentage 
elutriates.  Slight  release  at  lead,  occurred,  while  no  sig- 
nificant changes  were  observe,!  tor  cadmium,  copper,  chromium, 
nickel,  and  mercury. 

hioassuys  ot  P.  pug  i o in  these  elutriates  showed 
limited  toxicity.  Table  010  show:;  that  t ho  maximum  kill  130 
percent)  occurred  in  10  percent  sediment  replicate  0 after 
s0  hours  v' l exposure. 

Chemical  character ist ics  and  metal  results  tor 
Texas  ditv  Channel  Site  b sediment  elutriates  are  presented 
in  Tables  OJO  and  0J1  ; the  corresponding  bioassay  data  are 
in  Table  0JJ.  'The  results  presented  in  Table  OJO  are  similar 
tv'  those  ot  Site  4 sediments.  The  JO  percent  sediment  test 
total  ammonium  content  was  approx  i mat  e lv  4 . 7 mg/ 1 as  nitrogen. 
The  heavy  metal  data  also  t o 1 low  the  same  g.etteral  trends  found 
tor  b>  i t e i* . Large  amounts,  ot  manganese  and  iron  wore  released 
with  smaller  /.inc  release  and  slight  increases,  in  .load  concen- 
trations. rxvtmin.it  ion  ot  'Table  3 J J shows  no  toxicity  ot  Site 
sediments  tv'  P.  pugio  over  the  entire  00-hour  test  period. 

The  chemical  characterist  ics  vlat  a in  Table  3J3 
show  large  amounts  ot  total  ammonium  nitrogen  release  in 
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Table  322 

Response  of  P.  pugio  To  Varying  Sediment  Percent  of  Total 


in 


Texas  City  Site  t>  sediment  elutriates.  The  increases 
turbidity  were  not  as  pronounced  as  those  observed  in  elutri- 
ates of  Sites  4 and  5 sediments.  Table  324  shows  the  concen- 
trations of  D.O.  in  the  Site  b bioassay  elutriates  over  the 
9 1>- hour  test  period.  The  data  indicate  that  the  method  of 
aeration  was  sufficient  to  keep  D.O.  levels  above  4 mg/1  for 
the  duration  of  the  test. 

The  results  of  the  heavy  metal  analyses  of  these 
solutions  are  presented  in  Table  325.  Only  the  20  percent 
sediment  elutriates  were  analysed.  Large  quantities  of 
manganese  and  iron  were  released.  The  concentrations  of  other 
metals  monitored  did  not  change  much  from  the  concentrations 
observed  in  tne  control. 

Table  32C  presents  the  bioassay  results  for  these 
elutriates.  examination  of  the  table  shows  only  slight 
toxicity  of  Site  6 sediment  to  F.  pugio  after  36  hours.  One 
grass  shrimp  died  in  one  20  percent  replicate. 

Table  324 

Dissolved  Oxygon  Conceit  t ra  t ions  over  Test  Period: 

Texas  City  Site  b Bioassay  Llutriates 
(mg/1  t!  21°G) 
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Texas  Cit\ 


^er  Di'edge 


In  the  Texas  City  Channel,  dredging  was  begun 
immediately  as  the  hopper  dredge  entered  the  Texas  City  Chan- 
nel Turning  Basin  (TCCTB).  The  sidearms  were  lowered,  and 
the  dredged  material  was  pumped  through  them  and  back  to  the 
rear  of  the  hopper  through  the  two  exit  ports.  Approximately 
90  percent  of  the  material  entered  the  hopper  this  way,  with 
the  remaining  10  percent  entering  as  a spray  off  the  main 
conduit . 

The  dredging  continued  for  the  length  of  the  turn- 
ing basin.  At  that  point,  the  sidearms  were  raised  out  of 
the  sediment , and  the  dredge  was  turned  back  toward  the  en- 
trance of  the  turning  basin.  The  sidearms  were  again  lowered 
into  the  sediment  and  dredging  was  recommenced.  This  pro- 
cedure was  continued  until  the  captain  decided  that  the  hopper 
was  full. 

An  overflow  system  was  used  during  dredging  opera- 
tions. Before  dredging,  the  hopper  had  contained  several 
feet  of  residual  water  which  had  either  been  trapped  when  the 
hopper  doors  closed  during  a previous  dump  or  had  seeped  into 
the  hopper  while  the  dredge  was  in  transit.  During  dredging, 
some  TCCTB  water  entered  the  hopper  when  the  sidearms  were 
raised  at  each  turn  of  the  dredging  run.  As  the  hopper  filled, 
the  solid  material  tended  to  settle  to  the  bottom,  and 
apparently,  as  a normal  procedure,  an  overflow  system  dis- 
charged the  supernatant  water  via  ports  on  both  sides  of  the 
dredge.  This  procedure  was  apparently  continuous. 

The  intake  into  the  hopper  of  the  dredge  McFarland 
was  sampled  in  October,  1975  during  dredging  operations  in 
the  TCCTB.  Table  327  presents  percent  settleable  solids  data 
for  the  three  dredging  runs  in  the  turning  basin.  Figure  103 
shows  the  highest  overall  variability  for  Run  1.  Readings 
fluctuated,  ranging  from  <9  to  100  percent.  In  both  runs , 
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Table  327 


Percent  Settleable  Solids:  Texas  City  Hopper  Dredge  Samples 


Dredging 
Location  and 

Date  ( 1975  ) 

T ime 

(hr  :min) 

Sample 

Source* 

Percent 

Settleable  Solids 

October  9: 

9:02 -Dredging 

Began . 

Run  1 

9 : 0 2 

D 

90 

9:07 

D 

97 

9:12 

D 

22 

9:12 

D 

10 

9 : 17 

D 

4 2 

9 : 2 2 

D 

14 

9:27 

S 

9 

9 : 30 

0 

1 

9 : 33 

D 

94 

9 : 40 

D 

100 

9:47 

S 

20 

9:47 -Dredging 

Stopped 

• 

10:21 

S 

22 

11:24 

S 

15 

Run  2 

(Texas  City 

14  : 31  Dredging 

Began . 

Dump  No . 1 ) 

14:33 

D 

94 

14  : 36 

0 

0.8 

14  : 39 

D 

19 

14:50 

s 

27 

14:52 

0 

33 

14:55 

0 

13 

15  : 02 

D 

12 

15  : 06 

D 

36 

15  :06-Dredging 

Stopped 

. 

15  : 24 

s 

31 

16:12 

s 

10 

16:22 

s 

21 

(Continued) 
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Changes  In  Percent  Settleable  Solids:  Hopper  Dredge  Samples 
Dredged  from  Texas  City  Channel  and  Turning  Basin 
(October  9,  1975) 


Table  327  (Concluded) 


Dredging 


Location  and 

Date  (1975) 

Time 

(hr  :min) 

Sample 

Source* 

Percent 

Settleable  Solids 

October  10 : 

7 :15-Dredging  Began. 

Run  1 

7;24 

D 

9 

(Texas  City 

7 : 30 

D 

34 

Dump  No.  2) 

7:33 

0 

6 

7 ; 3 8 

S 

4 

7:42 

D 

41 

7:45 

0 

11 

7 :45-Dredging  Stopped 

7 : 51 

D 

28 

7;57 

D 

20 

8:01 

S 

9 

8:37 

S 

8 

9:11 

S 

6 

10:13 

S 

13 

*D  = Dredging  pump  discharge 
0 = Overflow 
S - Supernatant 

after  the  initial  high  reading,  the  readings  dropped  off  and 
stayed  below  the  35  percent  level. 

The  data  from  the  dredging  run  on  October  10  ai^e 
presented  in  Figure  104.  For  this  run,  the  maximum  (41  per- 
cent) was  found  in  a sample  taken  27  minutes  after  dredging 
started.  After  dredging  ceased,  settleable  solids  in  the 
supernatant  ranged  from  b to  13  percent. 

The  most  important  conclusion  from  hopper  sampling 
is  that  the  system  is  highly  variable  during  dreding.  This 
is  most  likely  due  to  the  variability  in  the  contours  of  the 
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channel  floor  being  dredged.  Since  the  bottom  is  not  level, 
the  amount  of  sediment  taken  up  varies  as  the  hopper  arm 
moves  through  sediment  at  a fixed  depth.  There  was  a general 
trend  for  the  percent  settleable  solids  to  decrease  during 
dredging  and  stabilize  after  dredging  ceased. 

Heavy  Metals 

During  Run  1 on  October  9 , the  hopper  was  sampled 
from  9:02  to  11:24;  results  of  heavy  metals  analyses  are  shown 
in  Table  328.  The  metal  concentrations  in  the  hopper  were 
comparable  to  ambient  levels.  The  exception  was  manganese,  of 
which  concentrations  varied  from  138  to  3,710  ug/1.  The  early 
samples,  collected  while  dredging  was  in  progress,  showed 
higher  manganese  concentrations  than  samples  collected  after 
dredging. 

From  14:33  to  16:42  that  day  another  dredging  opera- 
tion was  monitored.  Again,  only  manganese  concentrations 
exceeded  ambient  levels.  As  Table  329  shows,  manganese  ranged 
from  100  to  700  pg/1,  which  is  low  compared  to  levels  in 
samples  taken  from  the  hopper. 

Table  330  shows  the  results  of  analyses  of  samples 
collected  during  Run  1 on  October  10.  As  before,  only  man- 
ganese was  significantly  released  in  the  hopper  samples. 

Levels  were  found  to  range  from  129  to  2,220  Mg/1.  Another 
overflow  sample  was  collected  and  showed  a soluble  manganese 
concentration  of  200  Mg/1.  As  in  the  previous  operation,  the 
ove-flow  concentration  of  manganese  was  generally  lower  than 
the  concentrations  observed  in  the  hopper  samples. 

The  hopper  dredge  studies  indicate  the  ability  of 
the  elutriate  test  to  qualitatively  predict  release  of  heavy 
metals.  The  elutriate  test  did  seem  to  overestimate  the  mag- 
nitude of  the  manganese  release.  The  concentrations  of  soluble 
manganese  observed  in  the  elutriate  were  generally  much  higher 
than  those  typically  found  in  the  hopper  samples. 
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The  variability  of  concentrations  of  soluble  metals 
associated  with  the  sediment  from  the  TCCTB  in  the  hopper  was 
similar  to  that  seen  in  the  Galveston  dredging  runs.  Manga- 
nese concentrations  varied  widely  in  all  three  Texas  City 
runs.  In  the  analyses  for  Run  1 on  October  9 (Table  328), 
the  coefficients  of  variation  ranged  from  20.0  percent 
(cadmium)  to  135.6  percent  (manganese).  The  V's  for  the 
second  and  third  Texas  City  dredging  runs  ranged  from  13.0 
(nickel)  to  128.2  percent  (iron)  and  from  11.0  (nickel)  to 
131.7  percent  (manganese).  No  attempt  was  made  to  separate 
supernatant  and  overflow  samples  from  dredged  material  dis- 
charge samples  for  statistical  analyses  because  metals  con- 
centrations were  generally  in  the  same  range  regardless  of 
the  sample  source. 

Nitrogen  Compounds 

Hopper  dredge  samples  collected  during  the  Texas 
City  Channel  dredging  were  analyzed  for  ammonium.  The  results 
are  presented  in  Table  331.  The  concentrations  observed 
were  much  higher  than  those  found  in  the  samples  collected  in 
late  August.  Very  high  concentrations  were  observed  in  the 
samples  collected  from  the  pump  discharge.  A graphical 
representation  of  ammonium  concentrations  versus  percent 
settleable  solids  (Figure  105)  shows  them  to  have  a high 
positive  correlation  (r  = 0.87).  The  ammonium  concentrations 
increased  steadily  with  increased  percent  settleable  solids. 

Phosphorus  Compounds 

Concentrations  of  soluble  orthophosphate  found  in 
hopper  dredge  samples  connected  with  dredging  runs  in  the 
TCCTB  are  presented  in  Table  332.  Concentrations  in  the 
pump  discharge  material  during  the  first  dredging  run  ranged 
from  0.10  to  0.45  mg  P/1;  they  appeared  to  decrease  and  then 
increase  with  time.  The  hopper  supernatant  concentrations 
were  generally  at  the  lower  end  of  the  range  found  in  the  dis- 
charge material  and  fluctuated  seemingly  without  pattern. 
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Table  331 

Ammonium  Concentrations : Texas  City 
Hopper  Dredge  Samples 


Dredging 

Location  and 

Date  (1975) 

Time 
(hr : min ) 

Ammonium 

R 

(mg  N/l) 

SD 

October  9 : 

9:02 

- Dredging  began. 

Run  1 

9:02 

10  U 

2.5 

9 : 07 

107 

1.4 

9:12 

10.0 

0.7 

9 : 12 

6 . 8 

1.1 

Run  2 

(TCC  Dump  No.  1) 


9 : 17 

2 7.5 

1.4 

9 : 22 

13.0 

0 

9:27 

10.2 

0.4 

9 : 30 

1.4 

0.2 

9:33 

7 5.1 

3.4 

9:40 

92.5 

3 . 5 

3 : 't  7 

- Dredging 

stopped . 

9:47 

16.0 

0.7 

10:21 

28.5 

0.7 

11 : 24 

75.5 

0.7 

11:24 

- Unmonitor 
occurred . 

•ed  dump 

14  : 31 

- Dredging 

began . 

14  : 3 3 

7 8.8 

5 . 3 

14:3 6 

1 . 2 

0 . 2 

14:3  9 

18.5 

0.7 

14  : 50 

17.0 

0.7 

14:52 

17.0 

1 . 4 

14  : 55 

10.0 

0.7 

15:02 

17.8 

0.4 

15:05 

1 5 . 2 

0.4 

15:08 

- Dredging 

s t oppod . 

(Cont inued) 
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Table  331  (Concluded) 


Dredp.inp, 

Time 

Ammonium  (mp, 

N/  1 ) 

Locaton  and 

Date  (1976) 

( hr : min ) 

X 

SD 

16  : 24 

26 .0 

1 . 4 

16:12 

2 6 . 2 

1 . 8 

16:42 

3 2.2 

0 . 9 

16:4  2 

- Dump  occurred. 

October  10: 

Run  l 

(TCC  Dump  No.  1) 

7 : 24 

7:16 

- Ore de,  i up.  bep.an. 

4 . 2 

0 . 4 

7 : 30 

31.6 

1 . 4 

7 : 3 3 

1 6 . 3 

0 . 6 

7 : 3 tt 

0.6 

7 : 4 2 

3 6 . 2 

0 . 4 

7 : 4 6 

11.0 

1 . 4 

7 : 4 6 

- Dredp.inp,  stopped 

• 

7:61 

66 . 0 

1 . 4 

7:67 

79. 6 

0.7 

8:01 

9.  2 

0.4 

8 : 3 7 

2 6 . 6 

0 . 7 

9:11 

19.6 

0.7 

10  : 13 

3 2 . 8 

0 . 4 

10 : 14 

- Dump  occurred. 

Mean  ami  standard  deviation  calculated  from  duplicate 
analyses . 
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Table  332 

Soluble  Orthophosphate  Concentrations: 
Texas  City  Hopper  Dredge  Samples 


Dredging 

Location  and 

Date  (1975) 

Time 

(hrs : min ) 

Sample  Soluble  Ortho  P 

Source’’1  (mg  P/1) 

X SD 

October  9: 

Run  1 

9:02 

9:02  - 

D 

Dredging  began. 

0.45 

0 

9 : 07 

D 

0.25 

0.001 

9 : 12 

D 

0 . 10 

0.001 

9:12 

D 

- 

- 

9:17 

D 

- 

- 

9:22 

D 

- 

- 

9:27 

S 

0.068 

0 

9 : 30 

0 

0.23 

0.001 

9:33 

D 

0.38 

0 

9:40 

D 

0 .38 

0.002 

9:47 

S 

0.11 

0.001 

10:21 

9:47  - 

S 

Dredging  stopped. 

0.25 

0.001 

11:24 

S 

0.16 

0.001 

Run  2 

(TCC  Dump  No.  2) 

14  : 33 

14  ; 31 

D 

- Dredging  began. 

0.38 

0.001 

14 : 36 

0 

- 

- 

14  : 39 

D 

0.22 

0.001 

14  : 50 

S 

0.052 

0.001 

14:52 

D 

0.13 

0 

14:55 

0 

0.25 

0 

15:02 

D 

0.056 

0 

15:06 

D 

0.15 

0.002 

15:24 

15:06 

S 

- Dredging  stopped 

0.14 

0.001 

(Continued) 
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Table  3 3 2 ( Concluded ) 


r 


Dredging 
Location  and 
Date  (1375) 

Time 

(hrs : min ) 

Sample 

Source 

Soluble 
( mg 

X 

Ortho  P 
P/1) 

SD 

16  : 12 

S 

0.18 

0.001 

16:42 

S 

0. 14 

0 

October  10 : 

Run  1 

7:15  - Dredging  began 

, 

(TCC  Dump  No. 

2)  7:24 

D 

0.20 

0.001 

7 : 30 

D 

0 . 20 

0 . 010 

7:33 

0 

- 

- 

7 : 38 

S 

0.16 

0 

7:42 

D 

0.17 

0.001 

7:45 

0 

0 . 18 

0.001 

/ 

':45  - Dredging  stopped. 

8 : 01 

S 

0.24 

0 

8:37 

S 

0.16 

0. 001 

9:11 

S 

- 

- 

10  : 13 

S 

0.19 

0 .002 

Mean  and  standard  deviation  calculated  from  duplicate  analy- 
ses of  one  sample. 

*D  - Dredging  pump  discharge 

0 = Overflow 

S - Supernatant 

Run  2 samples  were  collected  from  material  dumped 
during  Texas  City  Dump  No.  1.  The  soluble  orthophosphate 
concentrations  in  dredging  pump  discharge  during  dredging 
for  Texas  City  Dump  No.  1 ranged  from  0.0 52  (at  14:50)  to 
0.38  mg  P/1  (at  14:33)  and  generally  appeared  to  decrease 
with  time.  Concentrations  in  the  supernatant  after  the  dredging 
had  ceased  (15:24  to  16:42)  ranged  from  0.14  to  0.18  mg  P/1. 
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During  dredging  on  October  10  for  TCC  Dump  No.  2, 
the  soluble  orthophosphate  concentrations  in  the  dredging 
pump  discharge  ranged  from  0.17  to  0.20  mg  P/1,  again  show- 
ing a pattern  of  decreasing  concentration  with  time.  After 
dredging  ceased,  the  supernatant  concentration  was  0.24  mg  P/1 
Cat  8:01).  The  water  level  in  the  hopper  dropped  about  6 
feet  after  the  8:01  sampling;  hopper  concentrations  then  were 
0.16  and  0.19  mg  P/1. 

The  general  pattern  of  concentrations  in  the 
dredging  pump  discharge  seemed  to  be  one  of  decreasing  con- 
centration with  time.  In  general,  the  first  few  soluble 
ortho  P concentrations  in  the  pump  discharge  appeared  to  de- 
crease with  each  subsequent  dredging  run;  the  initial  con- 
centration during  the  first  dredging  run  was  greater  than 
that  of  the  second,  which  in  turn  was  greater  than  the  Texas 
City  Dump  No.  2 dredging  run.  Concentrations  found  in  the 
dredging  pump  discharge  and  supernatant  during  these  dredging 
operations  were  generally  higher  (by  a factor  of  about  10) 
than  those  found  during  GBEC  dredging.  The  phosphorus  con- 
centrations of  the  TCCTB  sediments  were  also  greater  than 
those  of  the  GBEC  sediments. 

Texas  City  Channel  Disposal  Operations 

In  October  1975  , Lee  e_t  al monitored  two  disposal 
operations  in  which  sediment  dredged  from  the  TCCTB  was  dumped 
near  Buoy  B (located  about  500  meters  from  Buoy  B)  in  the  GBEC 
Disposal  Site.  Both  sampling  and  disposal  sites  can  be  found 
in  Figure  79  . Although  two  operations  were  studied,  only 
one  (Dump  No.  2)  provided  the  data  needed  for  a comparison  of 

elutriate  test  results  with  those  of  the  disposal  operation. 

. 31 

The  results  of  that  operation,  taken  from  Lee  et_  al.  are 
presented  below. 
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Texas  City  Dump  No.  2 

Texas  City  Channel  Dump  No.  2 occurred  at  10:14  on 


October  10,  1975.  The  surface  turbid  plume  arrived  at  10:18 
and  passed  at  10:21.  Disposal  occurred  approximately  40 
meters  off  the  bow  of  the  sampling  vessel.  The  current  read- 
ings were  0.1  knots  (5  cm/sec)  and  0.2  knots  (10  cm/sec)  in 
surface  and  bottom  waters,  respectively.  Approximately  765 
cubic  yards  of  material  was  dumped. 

Optical  properties.  Figure  106  presents  percent 
transmission  data  from  the  second  Texas  City  disposal  opera- 
tion. The  suspended  material  was  present  at  each  depth  mon- 
itored-, the  turbid  plume  took  4,  5,  and  3 minutes  to  reach 
the  sampling  vessel  at  surface,  mid-,  and  bottom  depths, 
respectively.  Turbidity  at  the  10  meter  depth  gradually 
began  to  increase  16  minutes  after  disposal  and  persisted 
for  over  an  hour.  Secchi  depths  were  recorded  at  9:22 
(prior  to  disposal)  and  22  minutes  after  Texas  City  Dump  No. 

2.  The  initial  Secchi  depth  was  3.0  meters;  after  disposal 
it  was  2.5  meters. 

Dissolved  oxygen.  Figure  107  shows  that  D.O.  de- 
creased at  2 and  10  meters  just  after  the  second  Texas  City 
dump.  At  the  other  depths  there  was  no  detectable  change 
in  the  D.O.  levels.  The  concentration  at  the  2 meter  depth 
returned  to  pre-disposal  level  minutes  after  disposal,  while 
at  the  10  meter  depth  it  stayed  below  the  pre-disposal  level. 

Readings  were  taken  only  twice  at  the  9 meter  depth 
and  are  not  depicted  on  the  figure.  At  10:07  the  reading  was 
6.9  mg/1  at  9 meters.  At  11:07  it  was  found  to  be  5.5  mg/1. 
Dissolved  oxygen  levels  at  10  meters  at  those  times  were  5.2 
and  4.6  mg/1,  respectively.  These  readings  indicate  that 
depletion  of  oxygen  occurs  in  the  bottom  two  meters  of  the 
water  column. 

Heavy  metals.  Analytical  results  for  heavy  metals 
are  presented  in  Table  333  . With  the  exception  of  nickel, 
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(October  10,  1975) 


or.t  i.'.ae 


rable  3 3 '3  ied) 


there  were  no  obvious  changes  in  heavy  metal  concentrations 
as  a result  f lisposal.  Nickel  increases  were  observed, 
although  only  at  bottom  depths.  Elevated  nick*  . Lev<  is, 
h wever , began  t<  le  rease  some  five  minutes  after  the  plume 
reached  the  sampling  location.  In  this  period,  nickel  in 
surface  samples  also  decreased,  even  though  no  initial  re- 
lease had  been  observed.  Five  minutes  after  the  turbid 
plume  reached  the  sampling  location,  concentrations  had  de- 
creased approximate iy  J pg/1  from  the  pre-disposal  levels. 

The  concentration  of  manganese  measured  at  10:15:50  at  10.5 
meters  was  838  ug/1,  and  the  concentration  of  iron  at 
10:14:15  at  8 meters  was  459  ug/1.  These  values  were  well 
outside  the  concentration  ranges  of  these  metals  during  this 
dump  and,  as  these  samples  were  not  taken  in  the  turbid  plume, 
it  is  suspected  that  the  high  values  were  due  to  contamination 
during  collection  or  handling. 


Nitrogen  compounds. 


Table  334  presents 


the  results  oi  organic  N and  ammonium  analyses 
Dump  Ho.  2 samples.  In  Figure  108  ammonium  concentrations 
are  plotted  against  time.  Release  of  ammonium  in  the  bottom 
water  was  observed,  but  the  concentrations  in  the  overlying 
water  remained  below  0.05  mg  N/l  except  for  one  sample  each  of 
surface  and  mid-depth  water.  From  the  figure,  it  appears  that 
a statistically  significant  amount  (1.86  mg  N/l)  of  ammonium 
was  present  in  the  water  at  10:15:50.  However,  this  concen- 
tration persisted  at  the  sampling  location  for  less  than  one 
minute.  Organic  N was  apparently  released  in  the  bottom  waters 
as  a result  of  the  disposal  operation  but  returned  to  ambient 
levels  13  minutes  after  the  surface  turbid  plume  arrived  at 
the  sampling  location.  In  the  surface  and  mid-depth  water,  no 
discernible  pattern  could  be  observed. 

Phosphorus  compounds.  Concentrations  of  soluble 
orthophosphate  are  presented  in  Table  335.  There  appears 
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Table  334 

Organic  N and  Ammonium  Concentrations : Texas  City 


Dump  No.  2 near  Buoy  B-^ , Dredged  Materials 
from  Texas  City  Channel  Turning  Basin 


Time  of 
Collection 
(hr :min : sec) 

Depth 

(m) 

Organic  N 
(mg  N/l) 

Ammonium 
(mg  N/l) 

9:58:30 

1.5 

0.  55 

< 

0.05 

9:58:45 

8 

0.11 

< 

0.05 

9:59:00 

10 . 5 

<0 .05 

0.11 

10:01:45 

1.5 

0.59 

< 

0.05 

10:02:00 

8 

0 .07 

< 

0.05 

10:06:45 

1.5 

- 

< 

0.05 

10:14:00 

- Dump  occurred. 

10:14:00 

1.5 

- 

< 

0 .05 

10:14:15 

8 

- 

< 

0.05 

10:14:25 

10.5 

- 

< 

0.05 

10:15:50 

10.5 

- 

1.86 

10:16:10 

8 

- 

< 

0.05 

10:16: 15 

1.5 

- 

< 

0.05 

10:16:30 

10.5 

- 

0.65 

10:16:45 

8 

- 

< 

0.05 

10:17:25 

10. 5 

- 

0.73 

10:18:00 

- Surface 
arrived 
location 

turbid  plume 
at  sampling 

10 : 18 : 00 

1.5 

0.  31 

< 

0 . U5 

10  : 18 : 25 

10.5 

0.55 

0 . 2 7 

10:19: 00 

1.5 

- 

< 

o.os 

10:10:10 

10.5 

1.01 

0 .77 

10:19:40 

8 

0.11 

< 

0 . U 5 

10:19:55 

1.5 

0.11 

< 

0.05 

10 : 20: 10 

10.5 

- 

0.81 

( Continued ) 


Table  334  (.Continued) 


Time  of 
Collection 

(hr : min : sec ) 

Depth 

(m) 

Organic  N 
(mg  N/l) 

Ammonium 

(mg  N/l) 

10:20:30 

8 

- 

0.07 

10:20:50 

1.5 

<0.05 

0.05 

10  : 

:21:00  - Surface 
sampling 

turbid  plume  p, 
location . 

10:21:10 

10.5 

- 

0.57 

10:21:50 

1.5 

- 

<0.05 

10:22:05 

10.5 

- 

0 .18 

10  : 22  :45 

1.5 

- 

<0.05 

10:23:15 

10.5 

- 

0 . 31 

10 : 23  : 45 

8 

0 .11 

<0.05 

10:24:20 

1.5 

- 

<0.05 

10 : 24 : 35 

10 . 5 

0.07 

0.49 

10 : 25 : 00 

8 

- 

<0.05 

10:25:20 

1.5 

- 

<0.05 

10:20:10 

1.5 

- 

0 .13 

10:20:25 

8 

- 

<0.05 

10 : 20 : 35 

10.5 

- 

0.75 

10 : 27  : 40 

1.5 

- 

<0.05 

10 : 27 : 55 

8 

- 

<0 .05 

10:28:10 

10.5 

- 

0 . 84 

10 : 29  : 45 

8 

- 

<0.05 

10:30: 10 

10.5 

- 

0.44 

10:30: 50 

10.5 

< 0.05 

0 . 51 

10:31:35 

1.5 

< 0.05 

<0.05 

10:31:55 

8 

- 

<0.05 

10:32:15 

10.5 

- 

0 .52 

10:34:45 

8 

- 

<0.05 

10  : 30  : 49 

10.5 

- 

0.33 

(Continued) 
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Table  334 (Concluded) 


Time  of 
Collection 
(hr : min : sec ) 

Depth 

(m) 

Organic  N 
(mg  N/l) 

Ammonium 
(mg  N / 1 ) 

10 : 39 : 15 

1.5 

- 

<0.05 

10 : 39 : 30 

8 

- 

<0.05 

10 : 39 : 50 

10.5 

- 

0 . 39 

10:42:45 

1.5 

- 

<0.05 

10:43:10 

8 

0.07 

<0.05 

10:43: 30 

10. 5 

- 

0 .25 

10 : 48:00 

1.5 

0.87 

<0.05 

10 : 48 : 30 

8 

<0.05 

<0.05 

10:49:00 

10.5 

<0.05 

0.19 

10 : 54 : 50 

1.5 

- 

<0.05 

10:55:15 

8 

- 

<0.05 

10:55:50 

10 . 5 

- 

0.18 

11:01: 10 

10 . 5 

- 

0.10 

11:07:25 

10.5 

- 

0.19 

11:13:  30 

10.5 

0.08 

0.16 

11:17:30 

1.5 

0.07 

<0 .05 

11:18:00 

8 

0.19 

<0  ..05 

11 : 18  : 15 

10.5 

- 

0.18 

11:32:40 

10.5 

- 

0.25 

Dash  (-)  indicates  data  not  available. 


to  have  been  a reduction  in  the  concentration  of  soluble 
ortho  P in  the  surface  water  with  the  passage  of  the  surface 
turbid  plume.  Concentrations  appear  to  have  gradually 
dropped  from  ambient  levels  (0.07  mg  P/1  to  0.11  mg  P/1)  to 
0.044  mg  P/1  about  four  minutes  after  the  arrival  of  the 
surface  plume.  They  increased  about  1.8-fold  26  minutes 
later  but  decreased  to  0.049  mg  P/1  in  another  30  minutes. 

Prior  to  the  decrease  in  percent  light  transmission 
at  mid-depth  (Figure  106),  soluble  ortho  P concentrations 
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A 0 m«i«u 
D 105  (Mliri 


No.  near  Buoy  B.  , Dredged  Materials  f roro  L'exas 
- 1 1 1 v Channel  Turning  Basin 
t October  10,  1 07b  ) 


rime  ot  Depth  Soluble  Ort hophosphu to 

Co  1 lee  t i on  tin)  t me  1’/  l ) 

l nr : min : see  ) 


0 : b 8 : 3 0 
0 : i>8  : 4 d 
):  5 >:0  ) 
L0:(  : : ♦ ;■ 
10:03: 0 0 
1 0 : 0 3 : 3 b 

10 : 14 : Lb 
10 : 14 : 3b 
10: IS: SO 
10: lo : 10 
10 : 10 : 4b 

10 : 1 8 : 00 
L0  : It! : 3b 
10 : 1 0 : 10 
10:1 0 : 4 1) 
1 0 : 1 0 : b b 
10 : 30  : 10 
1 0 : 2 0 : b 0 

10:21:10 
10: 3 L : bO 


0 . 0 7 0 


10.5  0 . 0 7 3 

1 . b 0.101 

8 1)  . 1 0 s 

10.  b 0.00  7 

10:14:00  - LHuup  occurred. 

8 0 . 084 

1 0 . b 0 . 0 0 / 

1 0 . b 0 . b b 9 

8 0.01 0 


0 . 0 b 3 


8:00  - 

Surface  turbid  plume 
a t samp  1 i ny,  1 oca  t i on 

1 

0 . 096 

1 0 . b 

0.17  6 

1 0 . b 

0. 084 

S 

0.141 

1 

0 .061 

1 0 . b 

0 . 3 b 0 

b 

0 . 0 6 3 

1:00  - 

Sun ...  e t url'  i d plume 
samp  1 i np,  1 oca t i on . 

1 0 . b 

0.0b  4 

l.b 

0 . 0 b 4 

t Con t i iuu'd ) 


V 
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Table  335  (Concluded) 


Time  of 

Collect  ion 
(hr: min: sec) 

Depth 

(m) 

Soluble  Orthophosphate 
(mg  P/1) 

10 

22 

45 

1.5 

0, 

. 044 

10 

23 

45 

8 

0 , 

.0  76 

10 

24 

35 

10.5 

0 , 

. 167 

10 

25 

00 

8 

0 , 

. 04  9 

10 

26 

35 

10 . 5 

0 , 

.086 

10 

27 

55 

8 

0 , 

. 049 

10 

29 

45 

8 

0 . 

.077 

10 

30 

50 

10 . 5 

0 , 

.139 

10 

31 

35 

1.5 

0 . 

.04  5 

10 

34 

45 

8 

0 . 

.058 

10 

35 

10 

10 . 5 

0 . 

.070 

10 

39 

50 

10 . 5 

0 

.069 

10 

43 

10 

8 

0 

. 105 

10 

43 

30 

10 . 5 

0 

.136 

10 

48 

00 

1.5 

0 , 

.079 

10 

48 

30 

8 

0 

.021 

10 

49 

00 

10 . 5 

0 

.04  1 

10 

55 

50 

10 . 5 

0 

. 070 

11 

01 

10 

10.5 

0 

.0  76 

11 

07 

25 

10 . 5 

0 

. 07  2 

11 

13 

30 

10.5 

0, 

.064 

11 

17 

30 

1.5 

0 , 

.049 

11 

18 

00 

8 

0 , 

. 04  2 

11 

18 

15 

10 . 5 

0 , 

.026 

11 

3 2 

40 

10. o 

0 , 

.033 

Soluble  ortho  P concentrations  based  on  a single  analysis 
of  one  sample. 

Pash  (-)  indicates  no  data  available. 
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varied  between  0.019  and  0.108  mg  P/1.  The  concentration  at 
mid-depth  w as  greatest  (0.141  mg  P/1)  in  the  sample  collected 
during  the  lowest  percent  light  transmission.  It  decreased 
to  0.049  mg/1  when  the  percent  light  transmission  increased 
back  to  ambient  levels.  After  the  percent  light  trans- 
mission returned  to  and  remained  at  ambient  levels  (^12:25:00), 
soluble  ortho  P fluctuated  between  0.021  and  0.105  mg  P/1 
without  an  apparent  pattern. 

Before  the  reduction  in  percent  light  transmission 
in  bottom  waters,  soluble  ortho  P concentrations  varied  from 
0.067  to  0.097  mg  P/1.  Coincident  with  the  decrease  in  per- 
cent light  transmission,  soluble  ortho  P concentrations 
increased  to  0.559  mg  P/1.  For  the  duration  of  the  sampling 
period,  the  concentrations  fluctuated  between  0.041  and  0.350 
mg  P/1.  There  was  no  apparent  correlation  between  these  V' 

levels  and  percent  light  transmission.  The  final  three  samples, 
which  were  collected  about  45  minutes  after  the  disposal, 
showed  about  the  same  concentration  as  had  been  found  at  the 
onse  t . 

Organic  compounds.  Seven  composites  of  subsamples 
collected  before,  during, and  after  the  passage  ot  the  surface 
turbid  plume  were  analyzed  for  soluble  TOC  and  oil  and  grease. 

One  composite  was  made  from  subsamples  collected  before  the 
plume  arrived.  Subsamples  collected  during  the  plume  were 
used  tor  Composites  2 through  5.  Two  composites  were  made 
from  subsamples  collected  after  the  plume  passed.  The  com- 
posites were  centrituged  at  9000  rpm  for  10  minutes  to  remove 
particulate  matter  but  were  not  subjected  to  filtration  in 
order  t o avoid  the  loss  ot  oil  and  grease  due  to  adherence 
to  the  til  ter.  It  is  assumed  that  the  TOC  and  oil  and  grease 
eoncentrut ions  represent  the  soluble  traction  o!  these 
parameters . 
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Table  shows  that  concentration  ot  TOC  in  the 

sample  composited  before  the  arrival  of  the  plume  was  21.8 
mg,  1 . l'he  TOC  concentrations  in  Composites  2 through  5 
ranged  t rom  lb.  2 to  27.2  mg/1  with  an  average  of  20.7.  The 
two  post -plume  composite  samples  contained  26.1  and  26.4  mg/ 1 
IOC,  respectively.  The  oil  and  grease  content  before  the  plume 


Table  326 

Carbon  and  Oil  and  Grease  in  the  Water  Column: 

Texas City  Dump  No.  3*  near  Buoy 

(October  10,  197b) 


Compoj 

Numb* 

site**  Time 

r (hr:sec) 

Soluble  Oil  and 

TOC  Grease 

(mg/1 ) 

i 

10:06  to  10:16 

21.8 

5 . 9 

Surface  turbid  plume  arrive. 

1 at  sampling  location. 

o 

10:16  to  10:17 

20.8 

7 . 1 

3 

10:19  to  10:22 

19.7 

4 . 6 

4 

10:24  to  10:26 

15.2 

8 . 6 

5 

10:27  to  10:31 

27.2 

6.1 

Surface  turbid  plume  passed 

sampling  location. 

6 

10:36  to  10:39 

26.1 

7 . 5 

7 

10:42  to  10:55 

26 . 4 

5 . 7 

*Dredged  material  from  Texas  City  Turning  Basin. 

**Two  liters  were  composited  from  subsamples  collected  during 
the  time  cited.  Composite  samples  were  centrifuged  for  10 
minutes  at  9000  rpm  to  remove  particulate  mutter.  Composites 
were  not  filtered. 
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arrived  was  5.9  mg/1.  During  passage  of  the  plume,  oil  and 
grease  concentrations  fluctuated  from  4.6  to  8.6  mg/1  with 
an  average  of  6.6  mg/1.  The  two  post-plume  samples  contained 
7.5  and  5.7  mg/1,  with  an  average  of  6.6  mg/1. 

Statistical  analysis  of  variance  was  run  on  the 
Texas  City  TOC  and  oil  and  grease  data.  The  results  indi- 
cated no  significant  difference  at  a 95  percent  confidence 
level  between  concentrations  of  these  two  parameters  before, 
during,  or  after  passage  of  the  surface  turbid  plume. 

Galveston  Channel 

On  August  29,  1975,  a sediment  sample  was  collected 
with  a Ponar  grab  sampler  in  the  Galveston  Channel  across  from 
the  Galveston  Channel  Yacht  Basin.  A surface  water  sample  was 
also  obtained  from  this  site.  This  is  an  area  which  is 
usually  maintained  by  pipeline  dredging.  Figure  79  shows  the 
sampling  location. 

On  September  10  and  September  20,  1975,  samples  were 
taken  from  the  pipeline  dredge  discharge  from  a dredge  opera- 
tion in  the  Galveston  Channel  near  the  Yacht  Basin.  Several 
samples  were  taken  on  each  day.  The  samples  collected  on 
each  of  the  two  days  were  composited  so  that  there  was  one 
composite  pipeline  discharge  sample  for  each  sampling  date. 

General  Sediment  Characteristics  and  Oxygen  Demand 

Values  for  Eh  and  sulfide  presented  in  Table  337 
were  considerably  higher  in  the  Galveston  Channel  sample  than 
in  the  GBEC  Buoy  1 sample. 

Oxygen  demand  tests  were  run  with  three  different 
volumes  of  Galveston  Channel  sediment:  5 cc,  3 cc,  and  2 cc. 
The  purpose  of  running  three  sets  on  one  sediment  was  to 
determine  the  effect  of  different  sediment  volumes  on  the  up- 
take per  cc  of  wet  sediment.  The  time  of  30  minutes  was  used 
for  comparison.  Table  A29  of  Appendix  A shows  that  the  5 cc 
sample  depleted  the  oxygen  in  45  minutes.  The  oxygen  uptake 
per  cc  (Table  337)  for  the  5 cc  sample  was  0.45  mg  0„ ; for 


the  3 ce  sample  it  was  0.4  ' mg  , 1 for  the  2 cc  samj  1 . 

it  was  0.50  mg  07  in  the  first  hall  hour.  i'his  indicates 
that  oxygen  uptake  should  not  be  noticeably  affected  by 
sediment  volume  tested  if  it  is  within  the  range  of  2 to  5 
cc . The  oxygen  demand  for  a cubic  meter  was  5.9  x 10"  g 0,; 
for  the  first  hour  it  was  1.28  mg  0,  per  gram  dry  weight. 

Figure  109  is  a plot  of  the  data  for  the  oxygen  demand 
test  on  Galveston  Channel  sediment.  All  three  sample  sizes 
had  slopes  with  fast  and  slow  components.  The  fast  component 
slopes  were  -0.016  mg/1  0.  min  , -0.02b  mg/1  0,  min-",  and 
0.060  mg/1  min  1 for  the  2cc,  3cc,  and  5 cc  samples, 
respectively.  The  slow  components  were  (also  respectively) 
-0.004  mg/1  min  , -0.006  mg/1  0.,  min  ",  and  -0.026  mg/1 
0^  min  . These  slopes  showed  no  correlation  between  uptake 
rates  and  volume  of  sediment. 

Llutriate  Test  General  Parameters 

One  20  percent  oxic  elutriate  test  was  run  on  Gal- 
veston Channel  sediment  and  water  collected  on  August  29,  1975. 
Values  of  the  general  physical  and  chemical  parameters  measured 
during  the  20  percent  oxic  Galveston  Channel  test  are  presented 
in  Table  338.  The  D.O.  decreased  from  11.2  ing/1  in  the  site 
water  to  4.2  mg/1  in  the  elutriate.  Based  on  elutriate  test 
results,  the  oxygen  demand  of  this  sediment  appeared  to  be 
similar  to  that  of  Morgan's  Foint  and  Texas  City  Channel  (TCC) 
Site  1 sediments  (discussed  elsewhere  in  the  report).  The  pH 
remained  unchanged  after  elutx^iation.  Turbidity  increased 
from  4 NTU  (site  water)  to  36  NTU  in  the  elutriate.  This 
water  (and  resultant  elutriate)  was  among  the  most  saline  of 
the  Texas  Gulf  Coast  samples  collected.  Specific  conductance 
was  33,000  ymhos/cm  in  the  site  water  and  elutriate. 

Heavy  Metals 

Table  339  shows  the  total  concentrations  of  selected 
heavy  metals  in  the  sediment  sample  collected  in  the  Galveston 
Channel  on  August  29,  1975.  The  sediment  had  particularly 
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high  manganese,  arsenic,  zinc,  and  iron  concentrations.  Con- 
centrations of  nine  and  arsenic,  n . and  11.2  mg/kg,  respect- 
ively, were  in  excess  of  the  lh'>  !h’A  criteria  for  the  accepta- 
bility  ol  dredged  sediments.  lhese  concentrations  may  be 

compared  with  the  total  heavy  metals  found  in  the  sediment 
phase  of  composite  pipeli.'e  dredge  samples  collected  from  an 
operation  which  was  working  the  same  part  of  the  channel 
(Table  3.19).  Concentrations  of  all  metals  in  these  pipeline 
discharge  samples  were  lower  than  those  found  in  the  sediment 
sample  taken  directly  from  the  channel  bottom.  Manganese  and 
sine  concentrations  were  half  those  seen  in  the  sediment, 
though  still  high.  Arsenic  concentrations  in  the  pipeline 
discharge  were  a fraction  of  the  sediment  concentrations, 
while  mercury  concentrations  were  8 to  9 times  higher  than 
the  sediment  concentration.  These  differences  may  be  due  to 
re  lease  of  metals  from  the  sediment  during  the  dredging  opera- 
tion or  to  differences  in  the  metals  composition  of  sediments 
along  tlie  channel. 

Table  340  shows  the  results  of  metals  analysis  of 
the  site  water  and  elutriate  from  a 20  percent  oxic  elutriate 
test  with  the  sediment  collected  from  the  Galveston  Channel. 
There  was  substantial  release  of  manganese  in  the  test.  The 
site  water  contained  72  ug/1  manganese,  and  the  elutriate  con- 
tained 1000  ug/1  manganese.  Zinc  and  mercury  were  also  re- 
leased. The  site  water  contained  10.7  yg/1  sine  and  0.007  ug/1 
mercury.  There  were  no  significant  changes  in  concentrations 
of  chromium,  nickel,  cadmium,  lead,  iron,  or  arsenic  as  a 
result  of  elutriation  of  this  sediment. 

The  results  of  this  elutriate  test  are  in  agreement 
with  those  of  others  performed  in  this  study.  The  release  of 
metals  during  the  test  did  not  correspond  to  the  bulk  metal 
composition,  in  that  manganese  and  zinc,  which  existed  in  high 
concentrations  in  the  sediment,  were  released,  while  mercury, 
which  was  found  in  a fairly  low  concentration  in  the  sediment, 
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was  also  released  in  the  test.  Iron  content  in  the  sediment 
was  very  high,  but  iron  was  not  released  in  the  test. 

Nitrogen  Compounds 

The  results  of  nitrogen  compound  analyses  for  the 
Galveston  Channel  elutriate  tests  are  presented  in  Table  341. 
Only  one  2 0 percent  oxic  elutriate  test  was  performed . Organic 
N and  nitrate  concentrations  decreased  as  a result  of  elutria- 
tion.  Ammonium  release  was  comparable  to  the  release  obtained 
from  TCC-1  sediment  but  higher  than  the  release  obtained  from 
Galveston  Bay  entrance  Channel  sediments. 

Phosphorus  Compounds 

Table  342  presents  the  total  phosphorus  concentra- 
tions of  the  Galveston  Channel  sediment  samples  collected  for 
an  elutriate  test.  The  concentrations  in  the  two  pipeline 
samples  were  approximately  the  same  and  contained  about  half 
the  total  P found  in  the  Galveston  Channel  sediment  sample. 

The  Galveston  Channel  site  water  orthophosphate  concentration 
(Table  342)  was  about  the  same  as  that  found  in  the  Texas 
City  Channel  Giles  4,  b,  and  b site  waters.  It  can  also  be 
seen  that  the  elutriation  with  the  Galveston  Channel  sediment 
caused  little  change  in  t tie  soluble  orthophosphat e concentra- 
tions of  the  water. 

Organic  Compounds 

A 20  percent  elutriate  test  was  run  on  sediments 
collected  from  an  area  in  the  Galveston  Channel  near  a pipe- 
line dredging  operation.  An  effluent  sample  from  t lio  pipe- 
line discharge  was  also  obtained.  Pipeline  effluent  was 
centrifuged,  and  the  sediment  and  water  phases  were  analysed, 
i he  analytical  results  for  the  elutriate  test  and  the  pipe- 
line samples  are  presented  in  Tables  343  and  344.  The  total 
organic  carbon  ot  the  Galveston  Channel  sediment  (0.9  percent) 
was.  slight  Ly  higher  than  the  0.3  percent  found  in  the  pipeline 
discharge  sediment  phase.  Both  sediments  contained  aldrin, 

OPT  compounds,  and  lindane  in  concentrations  of  2.S  ug/hg  or 

762 


Table  34 1 

Nitrogen  Compound  Concentrations:  Galveston 
Channel  elutriate  Test 


( mg  N / 1 ) 


Sample 

Organic  N 

Ammonium 

Nit  ra t e 

Designat ion 

R 

SD* 

K SO* 

R SD*  * 

Site  Water 

0.  30 

0.08 

0.08  0 

0.10  0.02 

20%  Oxic 

< 0 . 0 b 

%0 

7.36  0.10 

0.09  0.01 

*Mean  and  standard  deviation  calculated  from  duplicate 
analyses . 

* ’’'Mean  and  standard  deviation  calculated  from  triplicate 
analyses . 


Table  342 

Total  Phosphorus  Concentra t ions : Cal  vest  on  Channel 
D isohai'ge  Samples  and  P.luti date  Test 


Samp  1 . 

.*  Designa- 

Tot 

a 1 Phosphorus* 

Sol  uh 

Le  Ortho  P** 

t i on  ami  Co  1 lec- 
t i i'n  Da te  (197  5 ) 

( mg 
X 

IV kg  dry  wt.) 

SD 

(¥; 

X 

'P7 1 ) 

SD 

Ga 1 vos 

'.ton  Channel 

6 96 

17 

- 

- 

Pipe  L 

Lne  Discharge: 

Sepl 

t ember  10 

v*  6 2 

12 

- 

- 

Sop  1 

t ember  20 

34  0 

O 

- 

- 

Pint  r ia t e Tes t : 

Sit. 

' water 

- 

- 

0.17 

0 . 0 0 2 

20% 

ox  i c 

- 

- 

0 . 1 6 

0 . 0 0 3 

Dash  i 

( - ) i ml  i on t es 

not  app 

1 i cable . 

*Moan  and  standar. 
of  one  sample. 

1 deviat 

ion  ea  leulat  o.l 

t rom  dup 1 i . 

sate  analyse 

**Mean  and  standar. 

1 deviat 

ion  on  1 eu la t e.l 

t rom  t r i p 1 

irate  analvs. 

ot  one  sample. 
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Table  343 

Data  for  Organic  Compounds:  Galveston 
Channel  Pipeline  Dredged  Material 


Parameter 

Sediment 

Elutriate 

( p g / k g ) 

fng 7 1 ) 

Chlorinated  Hydrocarbons : 

Alt.:  in 

0 . 9 

20 

op' DDT 

1.7 

<3.0 

pp' DDT 

2.2 

<3.0 

op ' DDD 

<1.4 

<2.0 

pp' DDD 

<1.4 

<2.0 

op' DDE 

1.4 

<2.0 

pp ' DDE 

0 . 9 

<2.0 

Dieldrin 

<0.8 

<1.2 

Endosulfan  I 

<0.9 

<1.2 

Endosulfan  II 

<3.9 

<4.4 

Endrin 

<1.2 

<1.6 

Ht  ichlor 

<0.3 

<0.4 

Li:,  me 

0 . 8 

8 . 7 

PC  Bs 

86 

78 

Other  Organic  Compounds 

Oil  and  Grease 

194  mg/kg 

0 . 9 mg 

Total  Organic  Carbon 

0.8  % 

NT 

Total  Inorganic  Carbon 

0.  b % 

NT 

NT  = not  tested. 
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Table  344 


Data  for  Organic 

Compounds 

: Galveston 

Channel 

Elutriate 

Test 

Parameter 

Sediment 

Water 

Elutriate 

( U g / k g ) 

( ng/ 1 ) 

(ng/1) 

Chlorl  noted  Hydrocarbons  : 

Aldriri 

0.9 

6 . 9 

35.1 

op ' DDT 

<1.6 

<3.0 

< 

3 . 0 

pp ' DDT 

2.5 

<3.0 

< 

3.0 

op ' DDD 

<1.4 

<2 . 0 

< 

2.0 

pp ' DDD 

<1.4 

<2.0 

< 

2.0 

op ' DDE 

<1.4 

<2.0 

< 

2.0 

pp ' DDE 

2 . 9 

<2 . 0 

< 

2.0 

Di e 1 dr in 

<0.  8 

<1.2 

< 

1.2 

Endosulfan  I 

<0.9 

<1.2 

< 

1.2 

Endosulfan  11 

<3.9 

<4.4 

< 

4.4 

Endrin 

<1.2 

<1.6 

< 

1.6 

Ht : ‘ ach lor 

<0. 3 

<0.4 

< 

0.4 

Lii.  ane 

0.4 

3.4 

14 . 3 

PCBs 

33 

171 

261 

Other  Organic  Compounds 


Oil  and  Grease 

437  mg/kg 

NT 

NT 

Total  Organic  Carbon 

0.9% 

NT 

NT 

Total  Inorganic  Carbon 

0. 3% 

NT 

NT 

less.  The  pipeline  discharge  sediment  contained  PCBs  at  a 
concentration  of  86  Mg/kg,  while  the  Galveston  Channel  sedi- 
ment PCB  value  was  33  Mg/kg. 

Galveston  Entrance  Channel  water  contained  lindane 
and  aldrin  at  concentrations  of  3.4  and  6.9  ng/1,  respectively. 
These  two  compounds  were  released  in  the  elutriate;  concen- 
trations were  14.3  and  35.1  ng/1,  respectively.  The  pipeline 
discharge  supernatant  contained  lindane  and  aldrin  at  con- 
centrations of  8.7  and  20  ng/1.  Though  the  elutriate  showed 
more  release  than  the  pipeline  discharge  supernatant,  it  should 
be  remembered  that  the  elutriate  test  was  run  at  1:19  sediment- 
to-water  ratio.  None  of  the  DDT  compounds  detected  in  either 
sediment  was  released. 

The  elutriate  test  showed  a 53  percent  release  of 
PCBs.  The  concentration  of  171  ng/1  in  the  water  increased  to 
261  ng/1  in  the  elutriate.  In  the  pipeline  discharge  super- 
natant a concentration  of  78  ng/1  was  found;  this  represents 
54  percent  sorption. 

Houston  Ship  Channel 

Characteristics  of  Sampling  Site 

The  Houston  Ship  Channel  (HSC)  is  one  of  the  major 
shipping  and  industrial  areas  on  the  Gulf  of  Mexico.  Figure 
110  depicts  the  channel,  as  well  as  the  three  HSC  sampling 
sites.  On  April  21,  1976,  UTD  staff  took  sediment  and  water 
samples  for  elutriate  tests  from  these  sites.  The  sampling 
boat  used  was  the  Erin  Leddy  Jones , a 5 3- foot  research  vessel 
belonging  to  the  University  of  Texas  Biomedical  Institute.  A 
Ponar  grab  sampler  was  used  to  take  the  sediment  samples,  which 

I 

were  sealed  in  live-gallon  plastic  buckets.  Surface  water  sam- 
ples were  taken  at  each  sediment  site  with  a rope  and  bucket. 
These  were  stored  in  13.5-gallon  or  five-gallon  plastic  carboys. 
Hydrolab  profiles  of  D.O.  , temperature,  pH,  and  specific  con- 
ductance were  run  at  two-meter  intervals  at  Sites  1 and  3. 


SAN  JACINTO 
ft  I VC  ft 


Figure  110 

Houston  Ship  Channel  and  Morgan's  Point  Sampling  Locations 


At  HSC  Site  1 (furthest  up  the  channel  and  near  the 
US  Gypsum  Plant),  two  five-gallon  buckets  of  sediment  and  one 
13.5-gallon  surface  water  sample  were  collected.  HSC  Site  2 
was  on  the  south  side  of  the  channel  between  Olin-Matheson 
and  Phillips  66.  Three  five-gallon  sediment  samples  and  one 
13.5-gallon  and  one  five-gallon  surface  water  sample  were 
collected  at  this  site.  HSC  Site  3 was  located  near  Buoy  87  in 
the  channel  in  Galveston  Bay.  This  area  was  relatively  un- 
polluted compared  to  Sites  1 and  2.  Two  five-gallon  sediment 
samples  and  one  13.5-gallon  water  sample  were  collected  at 
this  site.  All  sediment  and  water  samples  were  iced  down  and 
sent  to  Ul'D  by  van,  where  they  were  stored  at  4°C  until  elu- 
triation . 

General  Sediment  Characteristics  and  Oxygen  Demand 

The  sediment  samples  taken  from  these  sites  in  the 
HSC  were  analyzed  for  L'h , sulfide  concentration , percent  dry 
weight,  and  particle  size  distribution . The  data  presented 
in  Table  345  show  the  Eh  of  the  samples  was  found  to  be  -86  mv 
for  HSC  Site  1,  -137  mv  for  HSC-2,and  -104  mv  for  HSC-3.  The 
redox  conditions  of  the  sediments  were  similar.  The  mean  sul- 
fide concentrations  were  found  to  be  very  high  at  HSC-1  and  2, 
2962  mg/kg  with  a standard  deviation  of  78  and  3483  mg/kg  with 
a standard  deviation  of  291,  respectively.  The  sulfide  con- 
centrations of  these  two  sites  cannot  be  considered  signifi- 
cantly different.  HSC  Site  3 had  a much  lower  mean  sulfide 
concentration,  633  with  a standard  deviation  of  35.  Percent 
dry  weights  were  34  percent  for  HSC-1,  28  percent  for  HSC-2, 
and  44  percent  for  HSC-3.  Particle  size  analysis  was  per- 
formed only  on  HSC-1  and  HSC-3  sediment.  It  was  determined 
that  Site  1 sediment  was  35  percent  clay,  22  percent  silt,  and 
42  percent  sand,  while  Site  3 sediment  was  35  percent  clay,  39 
percent  silt,  and  26  percent  sand. 

L'he  oxygen  demand  data  for  the  Site  1 sediment  sample 
is.  presented  in  Table  A30  of  Appendix  A.  The  standard 
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deviation  between  the  four  runs  ranged  from  0.1  to  0.3,  indi- 
cating good  reproducibility . The  sediment  was  found  to  have 

2 

an  oxygen  demand  of  5.8  x 10 “■  g 0,  per  cubic  meter,  and  1.4  2 
mg  0-,  per  gram  dry  weight  for  the  first  hour  (Table  34;  > . 

L 

There  were  three  runs  of  the  oxygen  demand  tests  on 
HSC-2  sediment.  The  range  of  standard  deviation,  0 to  0.3 
(Table  A31  of  Appendix  A)  indicated  good  reproducibility. 

HSC-2  sediment  oxygen  demand  was  6.0  x 104  g 0^  per  cubic 
meter  and  1.80  mg  0„  per  gram  dry  weight  (Table  345).  These 
values  are  higher  than  those  seen  for  Site  1 sediment.  The 
plots  of  the  data  from  these  two  sites  ai'e  presented  in 
Figures  111  and  112.  They  both  showed  two-component  slopes. 

The  fast  components  were  -0.012  mg/1  min-1  and  -0.020  mg/1 
min  ^ for  Sites  1 and  2,  respectively.  The  greater  slope  seen 
in  the  plot  of  HSC-1  demand  was  expected  due  to  the  higher 
oxygen  demand. 

Table  A32  of  Appendix  A presents  the  sediment 
oxygen  demand  of  Site  3 sediment.  The  data  for  the  HSC-3 
sediment  exhibited  a marked  difference  from  those  of  sediments 
from  HSC-1  and  2.  The  range  of  the  standard  deviations  between 
runs  for  Site  3,  0 to  0.2,  indicated  good  reproducibility.  The 
first  hour  oxygen  uptakes  (Table  345)  were  lower;  5.2  x 10 
g 0.,  per  cubic  meter  and  0.88  mg  0,  per  gram  dry  weight.  The 
plot  of  the  data,  Figure  113  had  a fast  component  slope  of 
-0.031  mg/1  min  ^ and  slow  component  slope  of  -0.007  mg/1  min  ^ 
The  greater  slopes  for  HSC-3  sediments  may  be  attributed  to  the 
use  of  a 3 cc  sample. 

Hlutriate  Test  General  Parameters 

On  April  21,  1976,  sediment  and  water  samples  were 
collected  at  two  locations  in  the  HSC  (HSC-1  and  2).  A third 
set  of  samples  (HSC-3)  were  also  collected  in  Galveston  Bay 
near  the  mouth  of  the  HSC.  On  April  29-30,  duplicate  5 per- 
cent oxic  and  20  percent  oxic  and  20  percent  anoxic  elutriate 
tests  were  run  on  HSC-1  samples.  Duplicate  5 percent  oxic, 
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(Sample  size 


Oxygen  Demand  Test:  Houston  Ship  Channel  Site  2 Sediment 

(Sample  size  - 3 cc) 


Figure  113 

Oxygen  Demand  Test:  Houston  Ship  Channel  Site  3 Sediment 

(Sampl e si ze-3cc) 


" 


.’0  percent  oxic,  and  20  percent  anoxic  elutriate  test:-,  were 
run  on  libc'-J  sediment  and  water. 

In  addition  to  the  duplicate  5 percent  oxic  and  20 
percent  anoxic  elutriate  tests  run  on  Hite  2 sediment  and 
water,  five  20  percent  oxic  tests,  were  also  run.  The  purpose 
ot  rumiir.s,  the  live  tests  on  one  set  of  samples,  was.  to  betti  i 
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reproducibility  - t the  plop  tes.t  with  reput'd  to  vuryins,  total 
elutriate  volumes.  (2,  4,  ai.d  0 liter),  three  plot  test.;  (20 
, . i cent  ...  iirnent  by  vo]  tm<  ) were ■ run  on  the  MSC-2  sediment . 
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The  values  of  the  general  physical  and  chemical 
parameters  measured  during  the  11SC  Site  2 plop  tests  are  also 
reported  in  Table  347  . In  general,  these  values  were  well 
replicated  in  the  three  tests.  The  D.O.  content  after  settling, 
appeared  to  decrease  slightly  with  increasing  total  elutriate 
volume;  the  range  was  8.0  to  8.8  mg/1.  The  pH  remained  vir- 
tually unchanged  in  all  three  tests  as  a result  of  elutriation. 
Turbidity  increased  from  U.S  NTU  in  the  site  water  to  83  to 
08  NTU  in  the  three  elutriates.  The  specific  conductance  and 
salinity  showed  a slight  decrease  after'  elutriation  with  a 
2 liter  total  volume,  no  change  with  the  4 liter  volume,  and 
a slight  increase  with  the  8 liter  volume.  The  range  ot  elu- 
triate specific  conductance  values  was  less  than  1800  pinhos/cm, 
which  corresponded  to  a 1 1 /oo  salinity  spread.  These  plop 
test  results  are  not  directly  comparable  to  the  standard  elu- 
triate test  results  since  different  site  waters  were  used. 

Presented  in  Table  348  are  the  values  of  the  general 
physical  and  chemical  parameters  measured  during  elutriate 
tests  on  HSC  Site  3 sediment  and  water.  This  site  water  had 
the  highest  D.O.  content,  pH,  and  specific  conductance  of  the 
three  HSC  water  samples.  This  is  to  be  expected  because  the 
sampling  site  was  near  the  mouth  of  the  channel  but  actually 
in  Galveston  Bay. 

The  D.O.  levels  present  during  the  HSC-3  five  percent 
oxic  elutriate  tests  were  generally  slightly  higher  than  those 
found  in  the  HSC  Site  1 tests.  Although  the  D.O.  concentra- 
tion after  mixing  of  the  HSC-3  20  percent  oxic  tests  were 
higher  than  the  corresponding  levels  in  HSC-1  and  2 tests,  the 
levels  present  after  settling  were  less  than  1 mg/1. 

The  pH  increased  slightly  (from  7.8  to  8.1)  as  a re- 
sult of  elutriation  under  all  conditions.  Turbidity  also  in- 
creased to  about  the  same  level  in  the  elutriates;  elutriate 
turbidity  values  ranged  from  32  to  32  NTU.  The  specific  con- 
ductance and  salinity  values  appear  to  have  increased  slightly 


i 


778 


Table  348 
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as  a result  of  elutriation.  Specific  conductance  values  in 
tile  elutriates  ranged  from  21,900  to  22,700  umhos/cm  compared 
to  the  site  water  value  of  21,600  pmhos/cm. 

Heavy  Metals 

The  concentrations  of  selected  heavy  metals  in  sedi- 
ment samples  at  the  three  sites  in  the  HSC  are  shown  in  Table 
349.  Two  sample  buckets  taken  in  Site  2 were  analyzed  be- 
cause each  was  used  in  a different  set  of  elutriate  tests. 

The  data  show  that  for  most  metals,  the  sediment  from  Site  3 
is  relatively  uncontaminated  compared  to  those  from  Sites  1 
and  2 . Concentrations  of  iron  and  arsenic  were  equivalent  in 
all  samples.  The  Site  3 sediment  contained  two  to  four 
times  more  manganese  than  the  Sites  1 and  2 sediments.  The 
sediments  from  Sites  1 and  2 were  generally  comparable  in 
concentrations  of  all  metals. 

Zinc  and  mercury  concentrations  in  the  Sites  1 and 
2 sediments  ranged  from  15.5  to  29.8  g/kg  and  from  0.313  to 
0.740  mg/kg,  respectively.  HSC-3  sediment  contained  0.1  g/kg 
zinc  and  0.090  mg/kg  mercury.  Sites  1 and  2 sediment  cadmium, 
chromium,  copper,  and  lead  concentrations  were  similar.  Copper 
concentrations  were  three  to  eight  times  higher  than  those  at 
Site  3.  Nickel  concentrations  in  the  Sites  1 and  2 sediments, 
25.7  and  23.6  mg/kg,  were  only  slightly  higher  than  in  the 
Site  3 sediment,  19.6  mg/kg.  Concentrations  of  iron  and 
arsenic  were  comparable  in  sediments  from  all  three  sites  and 
ranged  from  19.0  to  20.0  g/kg  and  0.9  to  1.1  mg/kg,  respec- 
tively. For  every  metal  except  manganese,  Sites  1 and  2 levels 
were  higher  than  the  Site  3 concentration. 

Site  1 elutriate  tests  (Table  350)  produced  no 
change  in  lead,  chromium,  or  mercury  concentrations.  There 
were  losses  of  cadmium,  zinc,  nickel,  copper,  iron,  and  arsenic, 
but  the  degree  of  loss  did  not  seem  to  be  related  to  percent 
of  sediment  used  or  to  the  type  of  test  (i.e.,  oxic  or  anoxic). 
Cadmium  decreased  from  1.1  ug/1  to  <0.5  ug/1  (detection  limit) 
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in  all  20  percent  tests.  Zinc  in  the  site  water  was  35.2  yg/1 
and  in  all  but  one  elutriate  ranged  from  14.5  to  20.1  yg/1. 

In  the  20  percent  oxic  elutriate  B,  zinc  was  48.2  yg/1.  Nickel 
decreased  slightly  in  all  tests,  from  13.6  yg/1  in  the  site 
water  to  a range  of  10.2  to  12.7  yg/1  in  the  elutriates. 

Copper  • decreased  from  5.0  yg/1  in  the  site  water  to  1.4  to 
3.3  yg/1  in  the  elutriates.  Iron  showed  the  greatest  decrease 
in  the  5 percent  oxic  and  20  percent  anoxic  elutriates.  The 
site  water  contained  339  yg/1,  and  these  elutriates  contained 
210  and  274  yg/1  iron.  Arsenic  decreased  to  below  detection 
limit  (2  yg/1)  in  one  of  the  5 percent  oxic  elutriates  (from 
3.6  yg/1  in  the  site  water).  The  other  elutriates  showed  from 
2.1  to  3.0  yg/1  arsenic.  Manganese  increased  from  76  yg/1  in 
the  site  water  to  121  and  130  yg/1  in  the  5 percent  oxic  and 
to  179  and  195  yg/1  in  the  20  percent  anoxic  tests.  The  20 
percent  tests,  however,  contained  43  and  57  yg/1  manganese. 

Metal  analysis  results  for  the  HSC-2  elutriate  and 
plop  tests  are  presented  in  Table  351.  There  was  a loss 
from  solution  of  zinc  in  all  tests.  Site  water  2A  used  for 
the  elutriate  tests  contained  182  yg/1  zinc  and  the  elutriates 
contained  16.4  to  143.9  yg/1  zinc.  The  range  in  the  five  rep- 
licate 20  percent  oxic  tests  was  28.2  to  143.9  yg/1  zinc. 

The  pattern  with  the  rest  of  the  metals  was  not 
distinct.  Chromium  concentrations  did  not  change.  Some  of 
the  tests  showed  slight  or  large  release  and  others  showed 
uptake  from  solution.  Replicates  of  the  5 percent  and  20  per- 
cent oxic  tests  did  not  agree  well.  The  plop  tests  showed 
the  same  general  variation  as  the  standard  elutriate  tests. 

The  most  significant  changes  in  metals  concentra- 
tions resulting  from  these  tests  were  in  manganese  and  mer- 
cury. The  site  water  for  the  elutriate  tests  contained  352 
yg/1  manganese.  The  20  percent  oxic  elutriates  and  one  of  the 
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5 percent  oxic  elutriates  showed  release  of  manganese.  They 
ranged  in  concentration  from  646  (the  5 percent  oxic  replicate 
A elutriate)  to  1J4U  ug/1  manganese  (the  10  percent  oxic  A 
elutriate).  The  10  percent  anoxic  elutriates  (118  and  34b  Mg/1) 
and  5 percent  oxic  replicate  A (91  Mg/1  manganese)  contained  less 
manganese  than  did  the  site  water.  There  was  apparent  release  ol 
mercury  in  three  10  percent  oxic  replicates,  one  5 percent  oxic 
A replicate,  and  the  4 liter  plop  test.  The  elutriate  test 
site  water  contained  0.047  ug/1  mercury  and  the  10  percent  oxic 
A,B,  and  C replicates  ranged  from  0.191  to  0.148  pg/1  mercury. 

Tiie  5 percent  oxic  A elutriate  and  4 liter  plop  test  solution 
contained  0.057  and  0.154  Mg/1  mercury,  respectively. 

The  Site  3 elutriates  showed  less  variation  in  metal 


concent  r. 

at  ions.  Table 

352  shows 

little 

change 

if  any  in  concen- 

trat ions 

of 

chromium , 

cadmium,  lead,  mer 

cury , 

and  arsenic. 

Released 

in 

all  tests, 

manganese 

ranged 

from  3 

3 Mg/1  in  the  site 

water  to  a range  of  1654  (5  percent  oxic  B)  to  4951  Mg/1  (10 
percent  anoxic  B)  in  the  elutriates.  This  was  expected  because 
this  sediment  had  tiie  highest  manganese  content  of  the  three. 
Copper  decreased  in  all  elutriates  (from  3.1  Mg/1  in  the  site 
water)  and  ranged  from  1.7  to  1.9  in  the  elutriates.  There  was 
some  sine  and  nickel  release  in  most  of  the  oxic  elutriates  and 
uptake  or  loss  from  solution  seen  in  the  anoxic  elutriates.  Iron 
was  reduced  from  6 Mg/1  in  The  site  water  to  below  the  detection 
limit  (5  Mg/1)  in  the  5 percent  oxic  elutriates.  It  was  released 
to  varying  degrees  in  the  10  percent  oxic  and  anoxic  elutriates. 
These  concentrations  ranged  from  15  to  419  Mg/1  iron. 

It  should  be  noted  that  while  the  total  metal  con- 
centration of  the  Site  3 sediment  was  quite  different  from  those 
of  the  Sites  1 and  2 sediments,  the  results  of  the  elutriate 
tests  were  not  markedly  different  with  respect  to  heavy  metals 
uptake  or  release.  Only  in  the  case  of  manganese  did  the 
behavior  of  the  metal  in  the  elutriate  tests  seem  to  correspond 
to  the  concentration  in  the  sediment. 
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Nitrogen  Compounds 

Sediment  samples  collected  from  HSC  were  analyzed 
to  determine  the  nitrogen  compound  concentrations.  The  data 
are  listed  in  Table  353.  HSC- 3 sediment  had  much  lower 

ammonium  and  organic  N contents  than  the  other  two  sediments. 
HSC-2  sediment  had  the  highest  concentration  for  both  parameters. 

The  nitrogen  compound  concentrations  for  HSC  Site  1 
elutriate  tests  are  listed  in  Table  354.  The  site  water 
siiowed  a much  higher  ammonium  concentration  than  that  seen  in 
any  other  site  water  studied  thus  far.  In  the  20  percent 
tests,  ammonium  release  was  higher  under  oxic  conditions  than 
under  anoxic  conditions.  Ammonium  release  was  also  a function 
of  the  percent  sediment  volume  in  the  total  elutriate  volume. 
Organic  N concentrations  also  increased  in  all  the  elutriates; 
however,  the  increase  was  greater  under  oxic  conditions.  Ni- 
trate decreased  as  a result  of  elutriation.  The  decreases  were 
greater  in  the  higher  sediment  percentage  tests. 

Ammonium  and  nitrate  data  for  the  HSC-2  elutriate 
tests  and  plop  test  are  presented  in  Table  355.  The  elutriate 
site  water  ammonium  concentration  was  higher  than  that  of  the 
HSC- . site  water.  The  ammonium  and  nitrate  data  from  the  five 
replicate  20  percent  oxic  elutriate  tests  indicate  satisfactory 
reproducibility.  Nitrate  concentrations  in  all  the  plop  test 
elutriates  (Table  355)  increased  over  that  of  the  site  water 
used  (from  Hlliott  Bay).  It  appears  that  the  higher  ammonium 
concentration  in  the  site  water  might  be  a reason  for  greater 
release  'bserved  in  the  larger  volume  tests. 

The  nitrogen  compound  concentrations  for  the  HSC- 3 
elutriate  tests  are  presented  in  Table  356.  The  site  water 
had  a lower  ammonium  concentration  than  the  Sites  1 and  2 
water  samples.  The  ammonium  release  was  also  less  than  that 
observed  from  the  other  two  sediments.  However,  the  ammonium 
release  pattern  resembled  that  seen  in  the  HSC-2  tests;  release 
wa  . greater  under  oxic  conditions  and  in  higher  percent 
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(mg  N/kg) 


Sample 

Organic 

N 

Ammonium 

Location 

X 

SD 

X 

SD 

HSC-1 

975 

36 

182 

9 

HSC-  2 

1113 

51 

218 

22 

HSC-3 

221 

34 

83 

17 

Mean  and  standard  deviation  calculated  from  duplicate 
analyses . 

Table  354 

Nitrogen  Compound  Concentrations:  Houston  Ship  Channel 
Site  1 Elutriate  Tests 
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X 

SD 

X 

SD 

X 

SD 

Site 

Water 

0 . 60 
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0 . 04 

0.26 

0.01 

B 

1.73 

0.14 

6.  85 

0 

0.28 

0.02 

20% 

Oxic  A 

- 

- 

13.65 

0.07 

0 . 16 

0 . 01 

B 

1.40 

0 . 34 

14.72 

0.11 

0 . 10 

0.01 

20% 

Anoxic  A 

1.26 

0.60 

11.22 

0.04 

0.12 

0.01 

A and  B are  replicates. 

Mean  and  standard  deviation  calculated  from  duplicate 
analyses . 

Dash  (-)  indicates  data  not  available. 
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Table  355 


Ammonium  . 

md  Nitrate  Concentrations:  Hous 

ton  Ship  Channel 

Site  . 

’ Elutriate  and  Plop  To 

t m>’,  N / 1 ) 

s t.  s 

Sample 

Designat ion 

\ 

Ammonium 

\ SL) 

\ 

Ni  ti 

{ 

.’cite 

SD 

Elutriate  '] 

L ti  S t’  S 1 

Site  Water 

« 

. 9 9 

0 

0. 

. 21 

0.01 

8‘1>  Oxic 

A 

8 , 

.02 

0 . 04 

o , 

. 16 

0.02 

3 

B 

8 . 

, 31 

0.04 

0. 

. 16 

0 

20 o Oxic 

A 

17. 

.70 

0.42 

o , 

. 0 7 

0 

B 

17. 

, 00 

0.14 

0. 

. 17 

0.10  * 

c 

16  . 

. 30 

0.0  7 

o . 

.07 

0 

D 

16  . 

. 0 8 

0.17 

o , 

. 0 8 

0 

E 

15  . 

. 9 5 

0 .07 

o . 

. 0 8 

0.0  2 

20 o Anoxic 

A 

13. 

,10 

0.14 

o . 

, 0 8 

0.01 

B 

12  . 

. 30 

0 

0 , 

. 10 

0 . 01 

Plop  Tests: 

Site  Water 

< 0. 

. 05 

Ml 

0 . 

, 3 9 

0.01 

(2  1) 

- 

- 

0 . 

. 4 6 

0 . 0 2 

(4  1) 

■ 1 

. 7 6 

0 

0 . 

. 4 3 

0.01 

(8  1) 

b , 

. 2 8 

0.13 

0 , 

, 3 S 

0 

A,  B,  C,  D,  aiul  E are  replicates. 

Mean  and  standard  deviation  calculated  from  duplicate  analyses. 

Push  (-)  indicates  no  analysis  due  to  insufficient  sample 
vo.l  ume . 

^Standard  deviation  possibly  due  to  analytical  error. 
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Table  35G 


Nitrogen  Compound  Concentration:  Houston  Ship  Channel 
Site  3 Elutriate  Tests 
(mg  N/l) 


Sample 

Designation 

Organic 

N 

Ammonium 

Nitrate 

X 

C* 

D 

\ 

SD 

\ 

( 

SD 

Site 

Water 

0 

. 54 

0. 

14 

1. 

. 08 

0 

0. 

. 28 

0.01 

5% 

Oxic  A 

- 

- 

2 

.95 

0.10 

0 , 

. 32 

0 .01 

B 

0 

. 38 

0. 

07 

3 , 

. 04 

0.04 

0 . 

, 24 

0 . 02 

20% 

Oxic  A 

<0 

.05 

^0 

8. 

.11 

0 

0. 

. 11 

0 

B 

- 

- 

8 , 

.62 

0.05 

0. 

. 06 

0.01 

20% 

Anoxic  A 

0 

.12 

0 . 

26 

6, 

.50 

0.06 

0. 

. 10 

0 

B 

- 

- 

7, 

. 16 

0.13 

0 , 

. 09 

0.03 

A and  B are  replicates 

Mean  and  standard  deviation  calculated  from  duplicate  analyses. 
Dash  (-)  indicates  no  data  available. 


sediment  elutriates.  Organic  N was  highest  in  the  5 percent 
elutriate.  Nitrate  decreased  in  all  elutriates  except  the 
5 percent  replicate  A. 

Phosphorus  Compounds 

Total  phosphorus  concentrations  in  the  sediments 
used  in  the  HSC  elutriate  tests  are  presented  in  Table  357. 

Bite  2 sediment  appears  to  be  the  most  highly  contaminated 
with  phosphorus,  Site  3 the  least.  This  would  be  expected 
considering  the  relative  locations  of  the  sampling  sites. 

Table  358  presents  the  soluble  orthophosphate  con- 
centrations in  tlic  HSC  elutriates.  As  witli  the  sediment  total 
phosphorus  concentrations , the  highest  HSC  site  water  soluble 
orthophosphate  concentration  (.’.1  mg  P/1)  was  found  at  Site  2, 
the  lowest  (1.2  mg  l'/l)  in  the  Bite  3 (Galveston  Bay)  water. 

As  previously  discussed,  the  site  water  used  tor  the  plot  tests 
was  from  Dlliott  Bay.  The  soluble  ortho  P concent rat  ion  in 
that  water  was  0.0/3  mg  I'.  1. 
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Table  357 

Total  Phosphorus  Concentrations:  Houston  Ship 
Channel  Sediments 
(mg  P/kg  dry  weight) 


Sample 

Designation 

Total 

X 

P 

SD 

Site  1 

1968 

- 

Site  2 

2936 

- 

Site  3 

546 

3 

Mean  and  standard  deviation  calculated  from  duplicate  analyses 
of  one  digested  sample. 

Dash  (-)  indicates  a single  analysis  performed. 

The  HSC-Site  1 elutriate  tests  showed  uptake  of 
soluble  orthophosphate  during  5 percent  oxic  elutriation. 

The  approximately  50  percent  decrease  was  from  1.7  mg  P/1  to 
0.97  and  0.76  mg  P/1  in  duplicate  elutriates.  Both  the  oxic 
and  anoxic  20  percent  tests  showed  release  of  soluble  ortho  P 
upon  elutriation.  In  the  oxic  elutriates,  the  increase  was 
about  two-fold;  in  the  anoxic  elutriates,  it  was  greater  than 
five-fold. 

There  was  a substantial  decrease  in  the  soluble 
orthophosphate  concentrations  resulting  from  5 percent  oxic 
elutriation  with  HSC-Site  2 samples.  Elutriates  contained 
about  0.3  mg  P/1  whereas  the  site  water  concentration  was  2.1 
mg  P/1.  The  Site  2 20  percent  oxic  tests,  in  general,  showed 
little  change  in  the  soluble  ortho  P concentration.  Four  of 
the  five  replicates  had  between  1.9  and  2.9  mg  P.1,  the  fifth 
was  0.63  mg  P/1.  Substantial  release  was  found  under  anoxic 
conditions;  elutriate  concentrations  were  9 and  11  mg  P/1. 

The  HSC-Site  3 sediment  showed  little  soluble  ortho- 
phosphate release  during  elutriate  tests.  Both  the  5 and  20 
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Table  358 

Soluble  Orthophosphate  Concentrations: 
Houston  Ship  Channel  Elutriate  and  Plop  Tests 

( mg  P/1 ) 


Sample 

Soluble 

Ortho  P 

Designation 

X 

SD 

Site  1 : 

Site  Water 

1.7 

0 .015 

5%  Oxic  A 

0.97 

0 .006 

B 

0.76 

0.006 

20%  Oxic  A 

2.7 

0 

B 

3.8 

0.006 

20%  Anoxic  A 

9 . 8 

0.07 

B 

9.0 

0.035 

Site  2 

Elutriate  Tests: 

Site  Water 

2 .1 

0.015 

5%  Oxic  A 

0.32 

0.002 

B 

0.28 

0.001 

20%  Oxic  A 

0.63 

0.007 

B 

1.9 

0.006 

C 

2.0 

0.006 

D 

2 .9 

0.006 

E 

2 . 7 

0 

20%  Anoxic  A 

11.0 

0 

B 

9.0 

0.058 

Plop  Tests* 

Site  Water 

0.079 

0.001 

(2  1) 

0 . 39 

0.009 

(4  1) 

0 . 32 

0 

(8  1) 

0.26 

0.001 

( Continued ) 
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Table  358  (Concluded) 


Sample 

Designation 

Soluble 

X 

Ortho  P 

SD 

Site  3 

Site  Water 

1.  2 

0.006 

5%  Oxic  A 

0.21 

0.001 

B 

0.3  2 

0 . 001 

20%  Oxic  A 

0.91 

0.023 

B 

0 . 36 

0 . 001 

20%  Anoxic  A 

1.2 

0.006 

B 

1.4 

0 

A and  B are  replicates. 

Mean  and  standard  deviation  calculated  from  triplicate 
analyses  of  one  sample. 

'"Plop  tests  used  Llliott  Bay  site  water. 

percent  oxic  tests  showed  decreases  in  concentration  as  a 
result  of  elutriation.  The  duplicate  anoxic  tests  showed  no 
change  and  a slight  increase  in  concentration  above  that  of 
the  site  water. 

Organic  Compounds 

Duplicate  20  percent  elutriate  tests  were  run  on 
sediment  and  water  samples  from  HSC  Sites  1 and  2.  dsualLy, 
in  the  analyses  for  chlorinated  hydrocarbon  pesticide:  and 
PCBs,  there  is  only  enough  sample  to  run  one  elutriate  test 
per  site.  The  samples  from  these  sites  were  collected  with 
the  specific  objective  of  obtaining  enough  sample  for  dupli- 
cate tests  to  be  run  for  organic  analyses. 

Results  of  organic  analyses  of  the  elutriate  tests 
are  presented  in  Tables  359  and  360.  In  Site  1 sediment, 
aldrin,  pp'DDT,  op' DDL,  pp'DDL,  dieldrin,  lindane,  and  PCBs 
were  detected.  PCB  contamination  was  high;  values  of  5208 
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Table  359 


Data  for  Organic  Compounds:  Houston  Ship  Channel 
Site  1 Elutriate  Tests 


Parameter  Sediment  Water Elutriate 


A 

B 

A 

B 

A 

B 

Chlorinated  Hydrocarbons 

(pg/kg) 

(ng/1) 

(ng/1) 

Aldrin 

54 . 7 

46.0 

<0.6 

<0 . 6 

31.8 

39.1 

op ' DDT 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

< 3.0 

pp ' DDT 

96.8 

73.5 

<3.0 

<3.0 

49.0 

46  . 8 

op'DDD 

<2.0 

<2.0 

<2 . 0 

<2 . 0 

<2.0 

< 2.0 

pp' DDD 

<2.0 

<2.0 

<2.0 

<2.0 

<2.0 

< 2.0 

op ' DDE 

238.1 

215.5 

<2.0 

<2.0 

92.0 

119.7 

pp ' DDE 

107.7 

95 . 1 

<2 . 0 

<2.0 

58.7 

54 . 5 

Dieldr in 

88  . 8 

74 . 8 

<1.2' 

■<1. 2- 

• 44.6 

40.6 

Endosulfan  I 

< 0.9 

<0.9 

<1.2 

<1.2 

<1.2 

< 1.2 

Endos ulfan  II 

<1.7 

<1.7 

<2.2 

<2.2 

<2.2 

< 2.2 

Endrin 

<1.2 

<1.2 

<1.6 

<1.6 

<1.6 

< 1.6 

H*  * ichlor 

0.3 

<0 . 3 

<0.4 

<0.4 

<0.4 

< 0.4 

Li:  ane 

32 . 4 

33.4 

35 . 7 

29.6 

22.3 

23.7 

PCBs 

5208 

5442 

<6 

<6 

12,322 

11,188 

Other  Organic  Compounds 

(mg/ kg) 

( mg / 1 ) 

Oil  and  Grease 

6517 

5218 

<0.5  <0.5 

73.3 

36 . 1 

Total  Organic  Carbon 

0.6  % 

0.6% 

13  14 

374 

155 

Total  Inorganic  Carbon 

0.3  % 

0 . 2 % 

23  21 

422 

120 

A and  B are  replicates. 

*C  m pound  ietect«  I n two  eo  1 umns . 
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Table  360 

Data  for  Organic  Compounds:  Houston  Ship  Channel  Site  2 
Duplicate  20  Percent  Oxic  Elutriate  Tests 


Parameter  Sediment  Water  Elutriate 


(pg/kg) 

(ng/1) 

(ng/1) 

Chlorinated  Hydrocarbons 

: 

Aldrin 

40.7 

54.7 

9.9 

5.8 

10.7 

14.5 

op ’ DDT 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

<3.0 

pp • DDT 

53.5 

80.  2 

<3.0 

<3.0 

7.5 

13.4 

op'DDD 

78.8 

98.8 

<2. 0 

<2.0 

23.2 

34 . 7 

pp ' DDD 

96.8 

143.5 

<2.0 

<2.0 

10.5 

20.1 

op ' DDE 

142 . 5 

183.8 

<2.0 

<2.0 

49 . 6 

45.0 

pp ' DDE 

63.4 

90 . 1 

<2 . 0 

<2.0 

12 . 3 

17.8 

Dieldrin 

52.8 

73.1 

<1.2 

<1.2 

21.6 

16 . 6 

Endosulfan  I 

<0.9 

<0.9 

<1.2 

<1.2 

<1.2 

<1.2 

Endosulfan  II 

<3.4 

<3.4 

<4 . 4 

<4.4 

<4.4 

<4.4 

Endrin 

<1.2 

<1.2 

<1.6 

<1.6 

<1.6 

<1.6 

He  achlor 

43.2 

58.3 

6.2 

5.5 

11.5 

14 . 8 

Li:,  -ane 

21.8 

15.4 

22  .2 

16.7 

7.5 

8 . 6 

PCBs 

7762 

8074 

57 

70 

965 

779 

A 

B 

A 

B A 

B 

Other  Organic  Compounds  (mg/kg)  (mg/1) 


Oil  and  Grease 

3881 

3386  <0.5 

<0.5 

44 . 0 

49  . 9 

Total  Organic  Carbon 

0.5% 

0.5%  15 

18 

207 

173 

Total  Inorganic  Carbon 

0.3% 

0.2%  23 

21 

127 

130 

■ 


A and  B are  replicates . 
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and  5442  pg/kg  were  found  in  the  duplicates.  The  oil  and 
grease  content  was  6517  and  5218  mg/kg,  and  the  percent  total 
organic  carbon  was  0.6  percent  for  both  samples.  In  Site  1 
water  dieldrin,  lindane,  and  PCBs  were  detected,  but  only 
lindane  was  measurable  above  the  detection  limit. 

In  spite  of  the  high  oil  and  grease  content  of  the 
sediment,  in  the  elutriates  there  was  release  of  every  compound 
identified  in  the  sediment  except  lindane.  In  fact,  the  Site  1 
elutriate  PCB  release  was  the  highest  found  in  this  study.  PCB 
values  measured  in  the  duplicate  elutriates  were  12,322  and 
11,188  ng/1 . 

The  Site  2 sediment  contained  the  same  pesticides 
as  the  Site  1 sediment:  op'DDD,  pp'DDD,  and  heptachlor  were 
also  detected  in  measurable  amounts.  The  PCB  values  (7762  and 
8074  pg/kg)  again  were  among  the  highest  concentrations  found 
throughout  this  study.  The  oil  and  grease  content  was  high 
(3881  and  3386  mg/kg),  though  not  as  high  as  in  the  Site  1- 
sediment.  The  total  organic  carbon  was  0.5  percent.  In  the 
Site  2 water,  aldrin,  heptachlor,  lindane,  and  PCBs  were  de- 
tected in  measurable  amounts.  All  compounds  (except  lindane) 
which  were  detected  in  the  sediment  were  released  during  the 
elutriate  test.  The  PCB  concentrations  in  the  elutriates  were 
high  (965  and  779  ng/1)  but  not  of  the  order  of  magnitude  of 
those  found  in  Site  1 elutriate  tests. 

Bioassays 

General  physical  and  chemical  characteristics  of 

elutriates  of  HSC  Site  2 sediment  and  US  EPA  Reconstituted 

22 

Sea  Water  are  presented  in  Table  361.  The  data  show  that 
the  total  ammonium  nitrogen  content  for  the  20  percent  sedi- 
ment tests  was  13  to  14  mg/1,  with  approximately  0.15  mg/1 
present  as  unionized  ammonia.  The  total  ammonium  nitrogen 
content  for  the  5 percent  sediment  tests  was  5 mg/1,  with 
0.11  mg/1  present  as  unionized  ammonia.  The  data  in  Table  362 
show  that  no  significant  changes  in  the  concentration 
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Table  m-2 

Ammonium  Concentrations  After  the  96-Hour  Test  Period ; 
Houston  Ship  Channel  Site  2 Bioassay  Elutriate 


Sample 

Designat ion 

pH 

Total  Ammonium 

as  N ( mg / 1 ) 

Unionized  Ammonia 

as  NH,  (mg/1) 

Control 

A 

8.0 

0.13 

< 0.01 

B 

8 . 0 

0.20 

< 0.01 

5% 

A 

7 . 9 

5.42 

0.12 

B 

7.9 

4.71 

0.10 

20% 

A 

7.7 

12.20 

0.17 

B 

7.6 

12.80 

0.14 

A and  B are  replicates. 
Temperature  21°C. 


of  ammonium  took  place  over  the  96-hour  test  period.  In 
addition,  there  were  initial  decreases  in  the  D.Q.  concentra- 
tions and  increased  levels  of  turbidity. 

The  D.O.  decreases  in  the  20  percent  sediment  tests 
aftei^  the  one-hour  settling  period  necessitated  using  an 
additional  30-minute  aeration  period  to  raise  the  D.O.  concen- 
tration to  a level  where  additional  oxygen  demand  would  not 
lower  the  D.O.  concentration  below  2 mg/1.  Table  363  shows 
that  the  D.O.  concentrations  of  the  bioassay  elutriate  waters 
never  decreased  to  below  2 mg/1  over  the  06-hour  test  period. 

The  results  of  the  heavy  metal  analyses  of  these 
bioassay  elutriates  are  presented  in  Table  364.  The  data 
show  releases  of  both  iron  and  manganese.  The  release  of  man- 
ganese was  relatively  small : increases  were  40  p g/1  in  the  5 
percent  test  and  80  pg/1  in  the  20  percent  tests.  The  data 
show  that  large  amounts  of  iron  were  released  to  the  elutriate 
waters  with  concentrations  of  approximately  1 mg/1  and  2 mg/1 
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Table 


in  the  b and  20  percent  sediment  tests,  respectively.  Copper, 
lead,  and  nickel  were  removed  from  the  elutriate  waters.  No 
significant  changes  from  the  test  water  concentrations  were 
observed  for  chromium,  cadmium,  zinc,  and  mercury. 

Table  365  presents  the  results  of  the  bioassays 
using  P.  i ugio  for  Houston  Ship  Channel  Site  2 . Examination 
of  the  table  shows  no  toxicity  of  HSC-2  sediments  to  P.  pugio 
over  the  96-hour  test  period  for  the  5 percent  sediment  tests. 
There  was  a 10  percent  toxicity  observed  in  the  20  percent 
sediment  tests. 

The  chemical  characteristics  of  the  HSC-3  bioassay 
test  waters  are  presented  in  Table  366.  The  data  presented 
in  the  table  show  that  the  total  ammonium  nitrogen  content 
for  the  20  percent  sediment  tests  was  approximately  7 to  8 mg/1, 
with  0.08  to  0.14  mg/1  present  as  unionized  ammonia.  In  addi- 
tion, there  were  initial  decreases  in  the  D.O.  concentrations 
and  increased  levels  of  turbidity.  Again,  the  initial  de- 
creases in  D.O.  concentration  in  both  of  the  20  percent  tests 
were  severe  enough  to  warrant  a ten-minute  aeration  of  the 
elutriate  water.  This  additional  aeration  period  after  set- 
tling did  not  significantly  change  the  level  of  ammonium 
present  in  the  20  percent  elutriate  waters. 

Table  367  presents  the  96-hour  concentrations  of 
D.O.  in  the  HSC-3  bioassay  elutriates.  The  data  indicate  the 
minimal  aeration  period  assured  an  adequate  concentration  of 
D.O.  even  after  an  initial  decrease  below  2.0  mg/1. 

The  results  of  the  heavy  metal  analysis  for  these 
bioassay  elutriate  waters  are  presented  in  Table  3f3.  The 
data  show  large  releases  of  both  iron  and  manganese.  , . i.  • 
trations  of  the  latter  ranged  from  9.6  mg/1  in  the  20  p>  : 
tests  to  over  11  mg/1  in  the  5 percent  tests.  Copper  w 
removed  from  solution  in  both  the  5 and  20  percent  ; e 
tests  as  was  nickel.  No  significant  changes  from  : • 
water  concentrations  were  observed  for  cadmium,  h’ 


801 


Table  365 


Response  of  P.  pugio  to  Varying  Sediment  Percent  of  Total 
Elutriate  Volume  as  a Function  of  Time:  Houston 
Ship  Channel  Site  2 Bioassay  Elutriates 


Time 
(hrs ) 

Number  of  P. 

pugio  Living  at  Varying  Sediment 
Percentages 

Controls 

5% 

20 

% 

A 

B 

A 

B 

A 

B 

0 

10 

10 

10 

10 

10 

10 

2 

10 

10 

10 

10 

9 

9 

12 

10 

10 

10 

10 

9 

9 

24 

10 

10 

10 

10 

9 

9 

36 

10 

10 

10 

10 

9 

9 

48 

10 

10 

10 

10 

9 

9 

60 

10 

10 

10 

10 

9 

9 

72 

10 

10 

10 

10 

9 

9 

84 

10 

10 

10 

10 

9 

9 

96 

10 

10 

10 

10 

9 

9 

A and  B are  replicates. 


zinc,  or  mercury.  In  addition,  the  data  indicate  that  the 
10-minute  aeration  period  caused  no  significant  differences 
in  heavy  metal  concentrations. 

Table  369  presents  the  results  of  the  bioassays 
using  P.  pugio  and  HSC  Site  3 sediments.  Examination  of  the 
table  shows  no  toxicity  of  HSC- 3 sediments  to  P.  pugio  over 
the  96-hour  test  period. 

Houston  Ship  Channel-Morgan 1 s Point 

Water  and  sediment  samples  for  elutriate  tests  were 
collected  at  Morgan's  Point  in  the  HSC.  Figure  114  shows  the 
sampling  site  as  well  as  the  locations  of  other  HSC  sampling 
sites.  A water  sample  was  collected  from  the  surface  with  a 
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Table  366 

Chemical  and  Physical  Characteristics:  Houston  Ship 
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Response  of  F.  pugio  to  Varying,  Sediment  Percent  of 
Total  Llutriatc  Volume  as  a function  of  Time: 
Houston  Ship  Channel  Site  1 Bioassay  Llutriate 


Time 
(hrs ) 

Number  of  P. 

pugio  Living  at  Varying.  Sediment 
Percentages 

Controls 

5 

20T 

A 

B 

A 

B 

A 

B 

0 

10 

10 

10 

10 

10 

10 

1 

10 

10 

10 

10 

10 

10 

2 

10 

10 

10 

10 

10 

10 

12 

10 

10 

10 

10 

10 

10 

14 

10 

10 

10 

10 

10 

10 

3 6 

10 

10 

10 

10 

10 

10 

4 6 

10 

10 

10 

10 

10 

10 

3 6 

10 

10 

10 

10 

10 

10 

4 8 

10 

10 

10 

10 

10 

10 

60 

10 

10 

10 

10 

10 

10 

71 

10 

10 

10 

10 

10 

10 

3 4 

10 

10 

10 

10 

10 

10 

3 6 

10 

10 

10 

10 

10 

10 

A and  B are  replicates. 


rope  and  plastic  bucket  on  April  11,  1375  . Unfavorable 
weather  conditions  delayed  sediment  sampling  until  April  18, 
1876,  A Poriar  grab  sampler  was  used.  The  samples  were  cooled 
in  ice  in  insulated  boxes  and  transported  directly  to  the  UTD 
laboratory  where  they  were  stored  in  the  dark  at  4°C. 

Llutriate  'lost  General  Parameters 

Single  b percent  and  10  percent  oxic  tests  were 
run;  the  total  test  volume  was  3 liters.  The  10  percent  oxic 
elutriate  was  centrifuged  prior  to  measuring  general  parameters 
and  analyses  of  the  unfiltered  water.  The  quantity  of  Morgan's 
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Point  sediment  available  was  insufficient  for  determination 
of  general  sediment  characteristics  or  sediment  oxygen  demand. 

Table  370  shows  that  the  D.O.  decreased  during  set- 
tling to  a lesser  extent  in  the  b percent  than  in  the  20  per- 
cent elutriate.  The  final  D.O.  values  were  within  the  range 
found  for  the  TCC  elutriates.  The  site  water  had  a slightly 
lower  pH  than  did  the  TCC  site  waters;  pH  increased  to  8.0 
upon  both  5 and  20  percent  elutriation.  The  Morgan's  Point 
site  water  had  a fairly  high  turbidity  (28  NTU)  which  in- 
creased to  120  NTU  in  the  5 percent  oxic  elutriate.  The  7 
NTU  turbidity  value  for  the  20  percent  elutriate  does  not 
accurately  represent  the  actual  elutriate  turbidity  because 
the  elutriate  was  centrifuged  prior  to  analysis.  Specific 
conductance  in  the  20  percent  elutriate  was  greater  than  in 
the  b percent.  The  site  water  (7,127  pmhos/cm  U 2b°C)  had  a 
much  lower  specific  conductance  than  did  the  TCC  site  waters. 

Heavy  Metals 

Table  371  contains  the  results  of  analyses  of  site 
water  and  elutriates  for  soluble  heavy  metals.  There  was  no 
significant  difference  in  the  concentrations  of  cine,  cadmium, 
copper,  or  nickel  in  the  site  water  and  the  elutriates.  The 
concentration  of  iron  in  the  Morgan's  Point  site  water  was 
11.6  ug/1.  This  dropped  to  3.lt  and  l.b  pg/1  iron  in  the 
b and  20  percent  elutriates,  respectively . There  was  release 
ot  manganese,  chromium,  and  lead  from  these  sediments.  The 
concentration  of  manganese  in  the  test  water  was  4.1  pg/1.  The 
b percent  oxic  test  showed  greater  manganese  release  than  was 
seen  in  the  20  percent  oxic  tests;  the  concentrations  were 
1020  and  bOV  ug/ 1 , respectively . Releases  of  lead  and  chrom- 
ium were  slight.  In  the  case  of  mercury,  slight  uptake  was 
seen  in  the  b percent  test  and  slight  release  was  seen  in  the 
20  percent  test. 


8 07 


Nitrogen  Compounds 

Morgan's  Point  sediment  had  a total  Kjeldahl  nitro- 
gen concentration  of  1500  mg  N/kg.  The  elutriate  test  results 
in  Table  37?  show  that  nitrate  concentrations  decreased 
slightly  in  both  elutriates.  Ammonium  release  was  again  found 
to  be  a function  of  the  percent  sediment  in  the  total  elutriate 
volume.  Due  to  the  centrifugation  step,  the  organic  N data 
do  not  represent  the  total  concentrations . 

Phosphorus  Compounds 

The  soluble  orthophosphate  and  total  phosphorus 
concentrations  found  in  the  Morgan's  Point  elutriates  are  pre- 
sented in  Table  373.  The  sediment  total  P concentration  was 
706  mg/kg  dry  weight.  The  site  water  contained  the  highest 
concentrations  of  soluble  orthophosphate  and  total  phosphorus 
of  all  Galveston  Bay  area  sampling  locations.  Elutriate  tests 
showed  decreases  in  soluble  orthophosphate  concentrations  in 
both  the  5 and  20  percent  elutriates.  Total  phosphorus  con- 
centrations in  both  elutriates  were  also  lower  than  that  in 
the  site  water. 

Bioassays 

Table  374  presents  the  physical  and  chemical  char- 
acteristics of  the  Morgan's  Point  bioassay  elutriates  following 
the  one-hour  settling  period.  Examination  of  the  table  reveals 
that  the  D.O.  concentrations  decreased  and  total  ammonium  and 
turbidity  levels  increased.  Total  ammonium  increased  with 
increasing  sediment  percentages  (increases  of  1.3,  2.9,  and 
3.6  mg  N/l  in  the  5,  10,  and  20  percent  sediment  tests, 
respectively).  Increases  in  turbidity  ranged  from  20  to  70 
NTU  with  the  highest  turbidities  observed  in  the  5 percent 
sediment  tests.  Dissolved  oxygen  decreases  corresponded  to 
increased  sediment  percentages  with  a decrease  of  over  5 mg/1 
in  the  20  percent  sediment  tests.  Table  374  also  presents 
release  data  for  manganese.  The  results  show  release  of  man- 
ganese (the  only  heavy  metal  for  which  release  was  monitored) 
to  each  bioassay  elutriate  with  over  1 mg/1  of  manganese 
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Llutriate  Test’*  with  One-Hour  Settling 
(mg  N/l) 


Sample 

Designation 

Organic  N 

Amnion 

. i um 

Nitrate 

X 

SD*’' 

R 

SP*’' 

s 

SPt 

Site  Water 

0.34 

0.31 

1 . 2 

0.01 

0.33 

0.01 

5% 

0.33 

0.35 

1.33 

0.03 

0.27 

0.01 

JO* 

<0.05 

0.31 

4.23 

0.11 

0. 2 3 

0.01 

’'Samples  centrifuged  prior  to  analysis.  Consequently,  values 
do  not  represent  totals. 

’'’'Standard  deviation  calculated  from  duplicate  analyses. 
tStandard  deviation  calculated  from  triplicate  analyses. 

Table  373 

So lubie crt  iiophospha  to  and  Total  Phosphorus  Concen 1 rat  ions : 

Morgan's  Point Hiutriate  Tests 

(mg  P/1) 


Sample 


Soluble  Ortho  P 


.vs Ignat  ton 


s 


SD 


Total  Phosphorus 
S SP 


Site  Water' 

0 . 3 7 

0. 004 

0 . 3 3 

0.01 

5*  Oxic 

0.13 

0.01 

0 . 2 0 

0.005 

20*  Oxic* 

0 .035 

0.001 

0.21 

0.01 

Mean  and  standard  deviation  calculated  from  duplicate  or 
triplicate  analyses  of  one  sample. 

’'elutriates  were  centrifuged  d 5000  rprn  for  5 minutes  prior  to 
ana  Lvs i s . 
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released  in  JO  percent  sediment  elutriates. 

The  results  of  the  acute  toxicity  96-hour  Morgan's 
Point  elutriate  bioassays  using  P.  pugio  are  presented  in 
rable  The  data  show  increased  toxicity  to  P,  pugio 

with  increasing  sediment  percentages  for  the  96-hour  test 
period.  The  percentages  of  grass  shrimp  dead  after  96  hours 
in  the  5,  10,  and  20  percent  sediment  elutriates  were  10,  20, 
and  35  percent,  respectively.  The  toxicity  associated  with 
sediments  from  Morgan's  Point  were  some  of  the  highest  ob- 
served for  sediments  sampled  within  the  HSC. 


Table  375 

Response  of  P.  pugio  to  Varying  Sediment  Percent  of  Total 


Elutriate  Volume  as  a function  of  Time: 


Morgan'  s Point  Bioassay  Elutriates 


Lme  Number  of  P.  pugio  Living  at  Varying  Sediment 

lr)  Percentages 


Control 


A and  B are  replicates. 


Port  Lavaca 

A sediment  sample  collected  in  Cox  Bay  near  Port 
Lavaca  was  taken  for  elutriate  test  studies.  The  primary  pur- 
pose for  sampling  sediments  in  this  area  was  a reported  high 
concentration  of  mercury  in  this  region.  The  water  and  sedi- 
ment samples  were  collected  in  Cox  Bay,  Texas.  The  sampling 
site,  illustrated  in  Figure  114,  was  near  the  junction  of  two 
ship  channels  and  approximately  50  yards  from  an  island 
formed  by  disposal  of  dredged  material.  Sediment  samples 
collected  with  an  Lkman  dredge  were  placed  and  sealed  in  poly- 
ethylene containers.  A 13-gallon  sample  of  surface  water  was 
obtained  at  the  same  site  using  a plastic  bucket.  A sample 
of  water  was  obtained  six  inches  off  the  bottom  (1.5  m depth) 
using  a horizontal,  metal-free  Van  Dorn  sampler.  All  samples  . 
were  kept  on  ice,  transported  to  the  UTD  laboratory,  and  stored 
at  4°C . They  were  subjected  to  elufriate  tests. 

General  Sediment  Characteristics  and  Oxygen  Demand 

The  sediment  from  Port  Lavaca  was  found  to  be  36.6 

« 

percent  clay,  23.9  percent  silt,  and  39.5  percent  sand.  It 
was  analyzed  in  triplicate  for  sulfide  concentration  and  per- 
cent dry  weight.  The  oxidation  reduction  potential  (Eh)  was 
found  to  be  -40  mv . The  mean  sulfide  content  was  found  to  be 
116  mg/kg,  with  a standard  deviation  of  7.  The  mean  percent 
dry  weight  was  found  to  be  44.6  percent  with  a standard  devia- 
tion of  1.3. 

The  oxygen  demand  of  a 5 cc  sample  of  Port  Lavaca 
sediment  was  determined.  Table  A3  3 , Appendix  A , shows  that 
the  standard  deviations  between  runs  indicated  good  repro- 
ducibility. The  uptake  during  the  first  hour  for  a cubic  meter 
of  sediment  was  calculated  to  be  2.5  x 10 ^ g 0,-,,  while  the 
uptake  per  gram  dry  weight  was  0.42  mg  0„  for  the  same  time 
period.  The  plot  of  the  log  of  the  D.O.  versus  time  is  seeh 
in  Figure  115.  The  slope  of  the  fast  component  was  calculated 
to  be  -0.027  mg/1  min  1 ; the  slow  component  slope  was  -0.004 
mg/1  min  . 
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Port  Lavaca  Sampling  Loc 
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Salinity,  being  derived  from  the  specific  conductance  values, 
followed  the  same  pattern. 

After  the  54-day  storage  period,  the  site  water 
showed  a slightly  lower  pH  and  turbidity  but  a higher  specific 
conductance  value.  The  difference  in  site  water  specific 
conductance  values  before  and  after  storage  may  have  been 
related  to  the  different  temperatures  at  which  the  sample  had 
been  measured.  Although  both  values  were  corrected  to  25°C, 
the  error  involved  in  such  a correction  was  probably  greater 
in  the  pre-storage  site  water  samples  (measured  at  6°C)  than 
in  the  water  measured  (at  20°C)  after  storage.  In  the  20 
percent  oxic  elutriate  test  run  after  storage,  the  D.O.  after 
settling  was  about  2 mg/1  less  than  in  the  corresponding  pre- 
storage tests.  In  general,  for  the  other  parameters,  values 
found  for  the  later  tests  were  comparable  to  those  found  for 
the  earlier  tests. 

iieavy  Metals 

Table  377  contains  the  results  of  trace  heavy  metal 
analysis  ot  the  Port  Lavaca  sediment  and  water  samples.  The 
sediments  of  this  area  had  been  reported  to  contain  relatively 
high  mercury  levels,  possibly  stemming  from  leakage  from 
chloroalkali  cells  in  a nearby  aluminum  plant.  The  mercury 
concentration  found  in  this  sediment  was  0.075  mg/kg,  which 
was  lower  than  the  concentrations  found  in  Texas  City  Channel 
(0.5  mg/kg  Hg)  and  much  lower  than  those  seen  in  the  San 
Francisco  sediments  analyzed  in  this  study  ('vl.4  mg/kg).  The 
zinc  content  of  the  Port  Lavaca  sediment  (75  mg/kg)  was  equiv- 
alent to  the  proposed  criterion  for  determining  acceptability 
of  dredged  sediments,  but  concentrations  of  all  other  metals 
were  below  the  criteria. 

Dissolved  and  total  available  trace  heavy  metal 
concentrations  were  determined  for  the  Port  Lavaca  Bay  water 
sample  taken  immediately  overlying  the  sediment.  These  levels 
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are  compared  to  corresponding  dissolved  metal  concentrations 
in  surface  water  in  Table  377.  Dissolved  available  metals 
occurred  in  greater  concentration  near  the  bottom  than  near 
the  surface.  Notably,  nickel,  zinc,  and  mercury  concentra- 
tions were  several  times  higher  near  the  bottom  than  in  the 
surface  water.  The  increased  concentrations  at  the  sediment- 
water  interface  could  be  the  result  of  mobility  of  metal  com- 
ponents between  these  two  areas. 

Relatively  high  mercury  concentrations  were  found 
in  the  bottom  water.  Total  mercury  was  0.091  Mg/1  and  dis- 
solved mercury  0.062  pg/1.  It  has  been  established  that 
mercui’y  concentrations  equal  to  or  exceeding  0.10  yg/1  con- 
stitute a hazard  in  the  marine  environment.  Total  available 
manganese  and  iron  in  the  bottom  water  also  exceeded  estab- 
lished potentially  harmful  levels.  Zinc  concentrations  were 
below  the  hazardous  level  (100  Mg/1)  but  substantially  higher 
than  the  level  presenting  minimal  deleterious  effects  (20  Mg/1) 
according  to  NAS-NAE.^ 

Trace  heavy  metal  concentrations  for  Port  Lavaca 
elutriate  tests  are  presented  in  Table  378.  Significant 
increases  in  manganese  concentrations  were  observed  in  all 
elutriates.  Manganese  release  was  greater,  on  the  average, 
in  tests  with  20  percent  sediment  content  than  in  those  with 
five  percent  sediment  content.  In  addition,  the  average  re- 
lease of  manganese  was  greater  in  the  systems  partially 
treated  with  nitrogen  gas  than  in  those  that  were  aerated 
only.  The  highest  manganese  concentration  occurred  in  20 
percent  anoxic/oxic  replicate  B,  coinciding  with  the  lowest 
D.O.  concentration  found  during  these  elutriate  tests. 

Very  small,  statistically  significant  increases  in 
lead  and  nickel  appear  to  have  occurred.  Iron  concentrations 
in  the  elutriates  showed  considerable  scatter  around  the 
site  water  value  (25  Mg/1).  Iron  release  (159  Mg/1)  was 
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apparently  significant  only  in  5 percent  anoxic/oxic  repli- 
cate A.  No  statistically  significant  differences  occurred 
between  the  concentrations  of  mercury,  zinc,  chromium,  and 
copper  in  the  various  elutriates  and  corresponding  concentra- 
tions in  the  site  water. 

Nitrogen  Compounds 

Port  Lavaca  samples  and  elutriates  were  analyzed  to 
determine  the  relative  release  of  nitrogen  compounds  under 
oxic  and  anoxic/oxic  conditions.  The  ammonium  and  organic  N 
concentrations  for  this  sediment  were  19  and  243  mg  N/kg, 
respectively.  This  Port  Lavaca  sediment  nitrogen  content  was 
low  compared  to  that  of  other  sediments  studied. 

Table  379  presents  the  x^esults  of  nitrogen  analyses 
of  Port  Lavaca  elutriate  tests.  Duplicate  analyses  showed  a 
tendency  for  higher  release  of  ammonium  and  organic  N in  high 
er  sediment  volume  tests,  although  reproducibility  was  not 
good.  Nitrate  was  released  in  the  5 percent  elutriates  with 
higher  release  under  oxic  conditions.  However,  no  clear 
patterns  of  release  could  be  ascribed  to  these  variations  in 
the  aeration  procedure. 

The  nitrogen  data  for  the  later  tests  (also  pre- 
sented in  Table  379  ) show  that  ammonium  and  organic  N 
concentrations  increased  from  site  water  levels,  though 
nitrate  did  not  show  any  change.  Ammonium  release  was  com- 
parable to  that  observed  in  the  earlier  test,  but  nitrate  re- 
lease was  much  higher  in  the  later  test.  Organic  N concentra 
tions,  which  were  highest  in  the  20  percent  oxic  elutriate  in 
the  earlier  test,  showed  removal  in  the  later  test. 

Phosphorus  Compounds 

Soluble  orthophosphate  and  total  phosphorus  concen- 
trations in  Port  Lavaca  elutriates  from  tests  run  both  before 
and  after  sample  storage  are  presented  in  Table  380  . The 
Port  Lavaca  sediment  had  a total  phosphorus  concentration 
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Table  379 


Nitrogen  Compound  Concentrations: 
Port  Lavaca  Elutriate  Tests 
(mg  N/l) 


Sample 
Designation 
and  Date 
Performed 
(1975) 

Organic  N 

Ammonium 

Nitrate 

X 

SD* 

X 

SD* 

X 

SD** 

July  25: 

Site  Water 

0 . 46 

0 .02 

<0.05 

'vO 

<0.04 

'vO 

5%  Oxic 

0.23 

0.06 

0 . 81 

0 .02 

0 . 38 

0.01 

5%  Anoxic/Oxic 

A 

0.  34 

0 . 09 

0.78 

0 . 01 

0 .28 

0.01 

B 

0.67 

0.07 

1.53 

0 .07 

0.07 

0.01 

20%  Oxic 

0 .98 

0.13 

1.98 

0.05 

<0.04 

0.01 

20%  Anoxic/Oxic 

A 

0.66 

0 

1.54 

0 

0.05 

0 .01 

B 

0.80 

0.03 

3.28 

0.01 

<0.04 

<v0 

September  8 : 

Site  Water 

0.86 

0.15 

0.10 

- 

<0.04 

0.01 

20%  Oxic 

0.05 

'vO 

1.95 

0.12 

0 . 01 

A and  B are  replicates. 

*Mean  and  standard  deviation  calculated  from  duplicate 
analyses . 

**Mean  and  standard  deviation  calculated  from  triplicate 
analyses . 

Dash  (-)  indicates  single  analysis  with  no  standard  deviation. 


Table  380 


Soluble  Orthophospha te  and  Total  Phosphorus  doncent r.i t 1 on s : 
Port  Lavaca  Elutriate  Test:; 

(mg  P/1) 


Sample 

Soluble 

Ortho  P 

Total  P 

Designation 

X 

SP 

X 

SP 

July  25: 

Site  Water 

0.023 

0.001 

0 . 06 

0.01 

5%  Oxic 

0.082 

0.001 

0.20 

0.016 

20%  Oxic 

0.058 

0 

0.3  8 

0.028 

5%  Anoxic/Oxic 

A 

0.26 

0.005 

0 . 24 

0.017 

B 

0.10 

0.002 

0.15 

0 . 0 3 

20%  Anoxic/Oxic 

A 

0.086 

0.003 

0.2  0 

0 

B 

0.12 

0 

0.27 

0 . 007 

September  8 : 

Site  Water 

0 . 080 

0 

0.09 

0 . 009 

20%  Oxic 

0.095 

0.002 

A and  B are  replicates. 

Mean  and  standard  deviation  calculated  from  triplicate  analyses 
of  one  sample. 

Pash  (-)  indicates  no  analysis  made. 
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comparable  to  those  found  in  the  GBLC.  It  contained  263  mg 
17 kg  dry  weight  (standard  deviation  ol  6 mg  P/kg). 

Table  380  shows  that  soluble  orthophosphate  con- 
cent rat  ions  increased  as  a result  of  elutriation  under  the 
conditions  tested.  In  the  tests  run  prior  to  storage,  the 
increase  was  greater  in  the  5 percent  oxic  than  in  the  20 
percent  oxic  test.  This  may  have  been  related  to  the  dif- 
ferences in  settling  as  seen  in  the  turbidity  values,  the  5 
percent  elutriate  having  a greater  turbidity  than  the  20  per- 
cent elutriate  (See  Table  370). 

The  tests  run  under  anoxic/oxie  conditions  tended 
to  show  somewhat  greater  release  than  those  run  under  oxic 
conditions.  The  soluble  ortho  P concentration  in  one  & per- 
cent anoxic/oxic  elutriate  was  almost  three  times  greater  than 
tnut  in  the  others,  nut  reproducibility  was  better  in  the 
20  percent  anoxic/oxic  tests. 

During  the  54-day  storage  period  the  site  water 
soluble  orthophosphate  concentrations  appear  to  have  risen 
nearly  four-fold.  The  concentration  in  the  20  percent  oxic 
elutriate  run  after  storage  was  more  than  1.5  times  that  of 
the  corresponding  test  run  earlier. 

Total  phosphorus  concentrations  in  the  Port  Lavaca 
elutriates  are  also  presented  in  Table  380.  Total  F con- 
centrations increased  to  about  the  same  level  (generally  to 
between  0.15  and  0.27  mg  P/1)  under  the  elutriate  test  con- 
ditions employed.  The  20  percent  oxic  elutriate  had  a slightly 
higher  concentration  (0.38  mg  P.l)  than  the  rest.  In  gen- 
eral, the  elutriate  total  P concentration  did  not  appear  to  be 
closely  related  to  the  turbidity  value  of  the  elutriates, 
although  the  elutriate  turbidities  all  fell  within  a fairly 
narrow  range.  The  soluble  orthophosphate  fraction  of  the  total 
phosphorus  concentrations  was  not  a constant  factor  in  these 
elutriates.  As  expected,  the  storage  of  the  site  water  did 
not  appear  to  affect  its  total  P content. 


Bioassays 

Port  Lavaca  bioassays  were  started  July  28,  1975. 


Table  381  shows  the  chemical  characteristics  of  the  Port 
Lavaca  bioassay  elutriates  following  the  one-hour  settling 
period.  Examination  of  the  table  reveals  that  the  D.O.  con- 
centrations decreased  and  total  ammonium  and  turbidity  levels 
increased.  Total  ammonium  increased  with  increasing  sediment 
percentages  (increases  of  0.7,  0.9,  and  1.5  mg  N/l  in  the  5, 
10,  and  20  percent  sediment  tests,  respectively).  Increases 
in  turbidity  ranged  from  2 to  36  NTU  in  the  elutriate.  Dis- 
solved oxygen  decreases  corresponded  to  increased  sediment 
percentages,  with  a decrease  of  over  5 mg/1  in  the  20  percent 
sediment  tests. 

Table  382  shows  the  concentrations  of  D.O.  in  these 
elutriates  over  the  96-hour  test  period.  The  data  show  that 
the  daily  one-hour  aeration  period  was  sufficient  to  keep  D.O. 
above  4 mg/1  throughout  the  24-hour  aeration  period. 

Trie  results  of  the  metal  analyses  for  the  bioassay 
elutriates  are  presented  in  Table  383.  Manganese,  iron, 
cadmium,  lead,  zinc,  and  mercury  were  released  to  the  elutri- 
ates. Manganese  levels  were  10,  20,  and  30  times  greater 
than  the  control  concent  rat  ions  in  the  5,  10,  and  20  percent 
sediment  tests,  respectively.  Iron  release  was  from  20  to  50 
times  that  of  the  controls.  Small  amounts  of  cadmium,  lead, 
nine,  and  mercury  were  also  released  to  the  bioassav  elutriate 
waters.  Copper  was  removed  from  solution,  and  chromium  and 
nickel  did  not  change. 

The  results  of  the  acute  toxicity  96-hour  Port 
Lavaca  elutriate  bioassays  using  P.  pugio  are  presented  in 
Table  384.  The  data  show  no  acute  lethal  effects  for  the 
Port  Lavaca  bioassay  elutriates. 
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able  381 
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Table  385 

List  of  the  Biological  Samples*  Collected 
from  the  Galveston  Bay  Entrance  Channel 
Disposal  Site  , November,  1975 


Organism* 


Number 


Range  of  Total 
Length  (cm) 


Atlantic  croaker  (Nicropogon  undulatus)  28 

Anchovy  (Anchoa  mitchilli)  300+ 

Bumper  ( Chloroscombrus  chrysurus)  100+ 

Pompano  (Trachinotus  carolinus)  100+ 

fringed  flounder  (L'tropus  crossot  us  ) 4 

Spotfish  (Leiostomus  xanthurus)  5 

Atlantic  spadefish  ( Chaetodipterus  faber)  8 
Silver  seatrout  (Cynoscion  nothus)  12 

Tonguefish  (Symphurus  civitatus)  12 

Crab  (unidentified)  20 

White  shrimp  ( Leiostomus  xanthurus )**  60 

Pink  shrimp  (unidentified)  20 

Squid  (unidentified)  100 

Annelids  (polyehaetes ) 10 

Mixed  t ish  (predators)  100 


2.5- 15 

5-6 
5 - 6 

5-6 
5 -10 

15  -16 

8 -10 
5 -20 

8 -10 

2.5-  5 

5 -15 

2.5-  5 
5 -10 

5 -10 

2-7 


identified  by  Dr.  T.  Waller  and  A.  Jung. 
**Ten tative  identification . 
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were  extracted  for  four  hours  with  a 50  percent  ethyl  ether- 
hexane  mixture  in  a Soxhlet  extractor.  The  chlorinated 
hydrocarbon  pesticides  and  FCBs  were  quantified  according 
to  procedures  previously  described  in  this  report. 

Electron  capture  gas  chromatograms  of  the  sample 
exti’acts  indicated  the  presence  of  22  to  26  characteristic 
peaks  of  relative  retention  times  (R^  ) ranging  from  0.3  to 
7.9.  Fourteen  of  these  peaks  were  of  the  same  R values  as 
those  detected  in  sediment  and  water  from  the  area.  General- 
ly the  magnitudes  of  the  peaks  were  higher  in  the  spotfish 
extract  than  in  the  small  fish  extract.  Peaks  of 
the  shrimp  extract  were  the  least  in  magnitude  and  number. 

Based  on  two  chromatographic  columns  detection,  lindane, 
aldrin,  dieldrin,  DDT  and  its  analogs,  2,4-D  esters  and 
mirex  were  found  in  all  the  extracts.  Total  PCBs  determined 
by  chemical  derivat ization  as  decachlorobipheny 1 were  detected 
in  all  the  samples.  Table  336  presents  the  quantitative 
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results  as  well  as  the  lower  detection  limits  and  the  US  FDA 
guidelines  for  edible  portions  of  fish  and  shellfish.  The 
table  shows  that  the  spot  contained  aldrin , pp ' DDD , pp'DDF  and 
total  PCBs  at  concentration  levels  of  1.3,  2.7,  1.9  and  95.1 
ppb,  respectively.  The  same  compounds  were  present  in  the 
small  fish  at  concentration  levels  of  1.1,  1.9,  3.0,  and  35.3 
ppb,  respectively.  In  addition,  0.4  ppb  lindane  was  present 
in  the  small  fish.  The  sum  of  the  concentrations  of  pp'DDD 
and  pp'DDE  in  the  spotfish  was  4.6  ppb  which  was  comparable 
to  the  4.9  ppb  found  in  the  small  fish.  It  was  noted  that 
the  concentration  of  the  parent  pp ' DDT  compound  was  below 
the  lower  detection  limits  in  both  fish.  The  shrimp  did  not 
contain  measurable  concentrations  of  any  of  the  chlorinated 
hydrocarbon  pesticides.  Total  PCBs  detected  in  the  shrimp 
was  6.3  ppb, which  was  much  lower  than  the  levels  detected 
in  either  of  the  fish  samples.  Concentrations  of  the  compounds 
found  in  all  the  samples  were  well  below  the  US  FDA''  ' guide- 
line levels  for  edible  portions  of  fish  and  shellfish.  It 
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should  be  noted  that  analyses  of  the  spot  and  small  fish  were 
performed  on  the  whole  organism. 

In  summary,  these  preliminary  results  indicate  the 
presence  of  some  chlorinated  hydrocarbon  pesticides  and  PCBs 
in  three  of  the  biological  samples  collected  from  the  disposal 
area  shortly  after  major  disposal  operations  from  August  to 
October,  1975.  However,  the  concentrations  were  below  the 
levels  that  are  considered  adverse  to  the  use  of  these  or- 
ganisms as  a human  food.  The  studies  being  conducted  by  A. 

Jung  on  the  remaining  samples  (collected  in  November,  1975) 
will  provide  additional  data  to  help  determine  whether  or 
not  disposal  of  dredged  GBEC  sediments  at  the  GBEC  site  has 
a significant  adverse  effect  on  the  water  quality  of  this 
region.  If  the  results  of  the  subsequent  analyses  support 
those  reported  here,  it  can  be  concluded  that  there  appears 
to  be  neither  short-term  nor  long-term  significant  adverse 
effect  on  water  quality  from  these  dredging  and  disposal  opera- 
t ions . 
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Seattle 

Characteris t ics  of  Sampling  Site 

A study  of  the  factors  influencing  the  results  of 
the  elutriate  tests  and  the  relationships  between  these  test 
results  and  the  actual  release  during  an  open  water  disposal 
operation  was  conducted  on  sediments  from  the  Duwamish  River 
with  disposal  at  Elliott  Bay,  Puget  Sound.  The  Duwamish 
River  is  a highly  industrialised  waterway  which  flows  through 
Seattle,  Washington,  into  Elliott  Bay  (Puget  Sound).  The 
situation  provided  an  opportunity  to  examine  in  detail  elu- 
triate test  results  for  sediments  from  a highly  industrialised 
area  in  the  Pacific  Northwest.  Further,  since  mechanical 
dredging  and  barge  disposal  were  employed,  there  was  an 
opportunity  to  examine  the  relationships  between  the  conven- 
tional elutriate  test  and  the  plop  test  for  open  water  dis- 
posal ot  estuarine  sediments  from  a barge  dumping  operation. 
Another  unique  characteristic  of  this  study  is  that  the  water 
depth  at  the  disposal  site  was  approximately  60  meters,  which 
was  deeper  than  the  depth  of  any  other  site  investigated  in 
this  study. 

In  addition,  one  of  the  most  important  reasons  for 
studying  this  area  was  the  PCB  spill  that  occurred  when  a 
large  electrical  transformer  fell  during  an  unloading  operation 
in  a boat  slip  adjacent  to  the  Duwamish  River  water.  The 
transformer  broke  open,  and  large  amounts  of  PCBs  were  released 
to  the  water  and  sediment  in  the  slip.  Initially,  most  of 
the  spilled  material  was  hydraulically  removed  with  a diver- 
operated dredge.  However,  some  of  the  PCB  materials  were  in- 
corporated into  the  surrounding  sediments.  Due  to  the  tidal 
currents  these  PCBs  were  likely  spread  both  uprivei^  and  down- 
river into  Elliott  Bay.  Both  federal  and  state  water  pollu- 
tion and  other  agencies  had  expressed  concern  about  the 
potential  effect  of  dredging  the  sediments  in  the  waterway  on 
the  release  of  PCBs  and  water  quality. 
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The  Corps  of  Engineers  maintains  a navigation  chan- 
nel 17  feet  deep  in  the  waterway.  Figure  116  contains  a 
general  map  of  the  area  as  well  as  sampling  locations.  On 
February  16,  1976,  samples  of  sediments  scheduled  to  be 
dredged  the  next  day  were  obtained  from  three  sites  in  a por- 
tion of  the  waterway  near  the  Poeing  Aircraft  airport. 

Duwamish  River  Site  1 was  at  the  Corps  of  Engineers  mark  206 
+ 00,  just  upstream  from  the  16th  Street  bridge.  Site  2 was 
at  mark  209  + 00,  300  meters  further  upstream,  and  Site  3 
was  at  mark  212  + 00,  another  300  meters  further  upstream  but 
just  downstream  from  the  pier  of  the  South  Park  Marina.  The 
samples  were  taken  with  a pipe  dredge.  Temperature,  D.O.,  and 
salinity  profiles  of  water  samples  were  also  taken  at  these 
sites . 

A fourth  sediment  sample  was  taken  with  a pipe  dredge 
from  Duwamish  River  Slip  No.  1,  which  is  several  miles  down- 
stream from  the  16th  Street  bridge.  This  was  the  site  of  the 
major  PCB  spill  the  previous  year.  One  sample  of  surface 
water  and  one  of  water  collected  with  the  sediment  were  taken 
to  study  the  release  of  PCBs  in  the  elutriate  test. 

All  samples  were  placed  in  6-gallon  polyethylene 
buckets  and  iced  down.  They  were  air  shipped  to  UTP  and 
placed  under  refrigeration  at  4°C  until  elutriation.  Disposal 
site  water  for  the  elutriate  tests  came  from  the  bottom  waters 
of  Puget  Sound  and  from  nearshore  surface  waters.  These  waters 
were  found  to  have  identical  salinities  and  were  treated  as  the 
same  water. 

Sediment  from  Duwamish  River  mark  206  + 00  to  212  + 

00  was  dredged  on  February  17  and  disposed  of  at  Buoy  D in 
Elliott  Bay  (see  Figure  116).  The  dredge  was  a clam  shell  dredge 
with  a bucket  of  11  cubic  yards.  The  dredged  material  was 
placed  in  barges  with  capacities  of  400  to  600  cubic  yards. 

Two  of  these  barges  were  filled  during  each  run  and  taken  to 
the  dump  site.  On  February  16,  two  water  sample  profiles 
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(seven  individual  samples)  and  D.O.  and  temperature  profiles 
were  taken  above  and  below  the  dredge  operating  in  the 
Duwajnish  River  Turning  Basin. 

On  February  17,  there  were  three  disposal  operations 
involving  release  of  material  contained  in  two  barges  at 
Buoy  D.  The  first  was  not  monitored  except  for  D.O.  data. 

The  other  two  disposals  were  labeled  Elliott  Bay  Dumps  Nos. 

1A,  IB  and  2A,  IB  in  accord  with  the  time  sequence  in  which 
the  barges  emptied  their  holds. 

A total  of  142  water  samples  was  collected.  Sampling 
lasted  from  about  30  minutes  before  the  first  dump  (1A)  until 
4iminutes  after  the  last  dump  (2B);  the  total  monitoring  time 
was  approximately  4.5  houz’S.  Samples  were  collected  from 
depths  of  1,  30,  and  60  meters  with  Little  Giant  submersible 
pumps  on  plastic  hose  line.  The  sampling  vessel  was  a Corps 
of  Engineers  130  foot  snag  barge  named  The  Puget . 

Elutriate  and  Plop  Tests 

General  Sediment  Characteristics  and  Oxygen  Demand 

The  sediments  were  analyzed  for  oxidation-reduction 
potential  (Eh),  sulfide  concentrations,  and  percent  dry 
weight.  The  sample  from  Site  1 (-54  mv)  differed  gz^eatly 
from  Sites  2 (-91  mv)  and  3 (-111  mv)  samples.  Thez^e  was 
a marked  difference  noted  between  Site  1 mean  sulfide  (13 
mg/kg)  and  Sites  2 and  3 mean  sulfide  (254  and  247  mg/kg, 
respectively)  . The  mean  percent  dry  weights  also  showed 
a similar  trend,  80  percent  for  Site  1,  57  percent  for  Site 
2,  and  60  percent  for  Site  3 sediments  with  standard  devia- 
tions of  0.8,  0.3  and  0.5,  respectively.  Site  2 sediment 
contained  9.5  percent  clay,  49  percent  silt,  and  41.5  per- 
cent sand.  Particle  size  analyses  for  Sites  1 and  3 were 
not  done  but  should  have  a similar  composition  as  they  were 
taken  fairly  near  Site  2. 

The  oxygen  demand  test  was  performed  on  all  three 
Duwamish  sediment  samples.  Table  A34,  Appendix  A shows  the 
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deviation  ranged  between  0.1  and  0.3,  indicating  good 
reproducibility.  Figure  117  presents  the  plot  of  the  data. 

The  slope  of  the  line  formed  was  -0.001  mg/1  min'’  for  the 
first  hour.  The  sample  from  Site  1 showed  a low  uptake  over 
a one-hour  period.  The  uptake  for  the  first  hour  per  cubic 
meter  was  calculated  to  be  42  g 0,,  and  0.03  mg  0., /dry 
weight . 

The  samples  from  Duwamish  Sites  2 and  3 showed 
similarities,  as  can  be  seen  in  Tables  A35  and  A36.  The 
uptake  for  a cubic  meter  in  the  first  hour  was  5.2  x 10 ^ 
g O4  for  Site  2 sediment  and  5.7  x 10 ^ g 0,  for  Site  3 
sediment.  The  uptake  for  the  same  time  period  per  dry 
weight  was  0.64  mg  02  for  Site  2 and  0.62  mg  09  for  Site  3 
sediment.  The  slopes  of  the  fast  and  slow  components  from 
the  plots  of  the  samples  from  Sites  2 and  3 were  also  similar, 
as  can  be  seen  in  Figures  116  and  119.  The  slope  of  the  fast 
components  for  one  hour  were  -0.030  mg/1  min-1  for  Site  2 and 
-0.033  mg/1  min  1 for  Site  3.  In  the  first  hour,  the  slopes 
for  the  slow  components  were  -0.006  mg/1  min-1  for  Site  2 and 
-0.007  mg/1  min  1 for  Site  3. 


Elutriate  Test  General  Parameters 

Duplicate  5 percent  oxic,  20  percent  oxic , and  20 
percent  anoxic  elutriate  tests  were  run  on  Sites  1 and  2 
sediments  and  disposal  site  water.  Site  1 elutriate  tests 
used  site  water  1 and  Site  2 tests  used  site  waters  1 and  2 
(taken  at  the  same  place  at  the  same  time).  In  addition  to 
the  single  5 percent  oxic,  20  percent  oxic,  and  20  percent 
anoxic  elutriate  tests  run  on  Site  3 sediment,  a 20  percent 
plop  test  (12  liter  total  volume)  was  alsc  run.  All  Site  3 
elutriate  tests  used  site  water  2. 

Duplicate  elutriate  tests  run  on  Duwamish  River 
Site  1 sediment  showed  good  reproducibility  for  the  general 
physical  and  chemical  parameters  measured  (Table  387).  The 
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Figure  117 

Oxygen  Demand  Test:  Duwamish  River  Site 
(Sample  Size  - 3 cc) 


Oxygen  Demand  Test:  Duwamish  River  Site 
(Sample  Size  - 3 cc) 


Figure  119 

Oxygen  Demand  Test:  Duwamish  River  Site 
(Sample  Size  - 3 cc) 


D.O.  concentrations  did  not  appear  to  change  more  than 
0.6  mg/1  during  the  5 percent  tests.  A greater  D.O.  con- 
centration was  found  in  the  20  percent  elutriate  after 
mixing  than  in  the  5 percent  tests.  After  settling,  the 
20  percent  oxic  elutriates  still  had  higher  D.O.  levels 
than  the  two  5 percent  elutriates.  Dissolved  oxygen, 
during  settling  of  the  anoxic  duplicate  tests,  rose  from 
below  0.5  to  1.4  and  0.6  mg/1. 

The  pH  decreased  during  all  six  Site  1 tests  but 
decreased  to  a lesser  extent  in  the  5 percent  tests.  The 
greatest  pH  decrease  was  found  in  the  20  percent  anoxic 
tests.  Specific  conductance  decreased  to  the  same  level  in 
the  20  percent  oxic  and  anoxic  tests.  Virtually  no  change 
in  specific  conductance  was  found  after  5 percent  elutria- 
tion.  Turbidity  values  were  about  the  same  in  all  elutriates 
with  an  indication  that  the  turbidity  in  the  5 percent  elu- 
triate may  have  been  slightly  less  than  in  the  20  percent 
elutriates . 

Table  388  shows  good  reproducibility  among  general 
physical  and  chemical  parameters  measured  during  elutriate 
tests  on  Duwamish  River  Site  2 sediment.  This  sediment  was 
collected  upriver  from  Site  1 and  appeared  to  have  a greater 
oxygen  demand  than  Site  1 sediment.  This  is  consistent  with 
the  D.O.  uptake  results  in  this  study.  Dissolved  oxygen 
concentrations  after  settling  were  greater  in  the  5 per- 
cent than  in  the  20  percent  oxic  tests.  They  remained 
below  the  detection  limit  during  settling  of  the  two  anoxic 
tests.  The  fact  that  Site  2 D.O.  concentrations  after 
settling  were  lower  than  those  for  Site  1 may  be  related  to 
the  relatively  lower  D.O.  in  the  site  water  used.  The  pH 
decreased  to  varying  degrees  as  a result  of  elutriation, 
with  the  5 percent  test  showing  the  least  change,  the  anoxic 
showing  the  gi'-eatest  decrease  (1.1  units).  The  specific  con- 
ductance decreased  to  the  same  level  in  both  oxic  and  anoxic 
20  percent  elutriates.  It  decreased  by  a greater  amount 
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Table  388 

General  Physical  and  Chemical  Parameters:  Duwamish  River  Site 


during  1)  percent  elutriatie.n  i but  , because  the  specific 
conductance  of  the  site  water  for  5 percent  tests  was  greater 
than  that  of  the  water  used  for  20  percent  tests,  the  specific 
conductance  values  in  the  5 percent  elutriates  were  greater 
than  those  in  the  other  elutriates.  Salinity  decreased  to 
about  the  same  level  in  all  elutriates.  The  exception  was  in 
the  5 percent  elutriates,  where  there  was  a 1.7  °/oo  difference 
between  elutriate  values.  Although  not  much  difference  in 
turbidity  was  found  in  the  elutriates,  it  appeared  that  generally 
values  were  lowest  in  the  20  percent  oxic  elutriate  and  highest 
in  the  anoxic  elutriate. 

Values  for  the  general  physical  and  chemical  para- 
meters measured  during  elutriate  tests  on  Site  3 sediment  are 
presented  in  Table  389.  The  oxygen  demand  of  this  sediment 
appeal's  to  have  been  the  same  or  slightly  greater  than  that  of 
Site  2 sediment.  The  D.O.  after  settling  of  the  5 percent 

oxic  test  was  the  lowest  of  the  three  Duwamish  River  sediments,  j 

9.8  mg/1.  The  20  percent  oxic  elutriate  D.O.  was  about  the 
same  as  that  of  Duwamish  River  Site  2.  The  patterns  and  values 
of  pH  were  comparable  to  those  found  in  the  corresponding  elu- 
triates for  the  other  Duwamish  River  sites.  I 

A decrease  in  specific  conductance  was  found  after 
5 percent  elutriation.  The  20  percent  oxic  and  anoxic  elu- 
triates showed  an  increase,  which  was  not  seen  in  the  other 
area  elutriates.  As  was  generally  found  in  the  Site  2 elutriates, 
the  highest  turbidity  was  seen  in  the  anoxic  elutriates.  Tur- 
bidity values  in  the  5 and  20  percent  oxic  elutriates  were  j 

comparable . 

The  D.O.  found  during  the  plop  test  was  low,  with 
values  falling  midway  between  those  in  the  20  percent  oxic  and 
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anoxic  tests.  The  concentration  after  mixing  was  1.9  mg/1 
and  after  settling  was  1.7  mg/1.  The  specific  conductance 
and  salinity  decreased  to  a greater  extent  than  it  had  in  the 
standard  elutriate  tests.  Turbidity  was  also  much  lower  than 
it  had  been  in  the  other  tests. 

Several  patterns  were  apparent  from  the  general 
parameter  data  for  these  elutriate  tests.  The  D.O. 
concentrations  measured  after  settling  indicate  that 
sediments  collected  farther  upriver  had  greater  oxygen  demand. 
The  decreases  in  pH  upon  elutriation  were  more  pronounced  the 
farther  upriver  the  sediments  were  collected.  The  anoxic 
tests  tended  to  cause  greatest  depressions  in  pH,  and  5 per- 
cent oxic  tests,  the  least.  Turbidity  was  generally  highest 
in  the  20  percent  anoxic  elutriate.  This  can  be  explained 
by  the  fact  that  iron  under  oxic  conditions  would  tend  to 
flocculate,  which  would  tend  to  reduce  turbidity.  Under  anoxic 
conditions,  the  iron  would  remain  soluble. 


Heavy  Metals 

Total  metal  compositions  of  three  sediment  samples 
collected  from  the  dredging  sites  in  the  Duwamish  River  are 
presented  in  Table  390.  The  results  were  typical  of  those 
found  for  relatively  uncontaminated  sediments.  Manganese  and 
iron  ranged  from  493  to  572  mg/kg  and  15,581  to  16,079  mg/kg, 
respectively.  The  nickel  (15.0  to  17.5  mg/kg)  and  zinc 
(68.  6 to  73.6  mg/kg)  concentrations  varied  only  slightly 
between  samples.  More  variation  was  noted  with  lead  (13.0  to 
27.1  mg/kg)  and  copper,  22.5  to  42.8  mg/kg.  Mercury  concen- 
trations in  all  three  samples  were  below  0.1  mg/kg. 

The  metal  composition  of  these  Duwamish  River 

samples  was  comparable  to  that  of  Puget  Sound  sediments  re- 

3 5 . 

ported  by  I’lVivliuji  et_  a 1.  However,  the  metal  concentrations, 
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particularly  the  mercury  levels,  in  these  Duwamish  River  sedi- 
ments were  significantly  lower  than  those  found  at  the  mouth 
ot  the  Duwamish  River,  indicating  that  the  sediments  in  the 
Duwamish  River  appear  to  be  less  contaminated  with  mercury 
than  those  in  Puget  Sound. 

The  results  of  soluble  heavy  metal  analysis  of  stan- 
dard elutriate  tests  and  plop  tests  run  on  these  sediments 
are  presented  in  Tables  391  through  393.  Table  391  shows 
that  iron  was  released  from  Duwamish  River  Site  1 sediment 
in  both  the  oxic  and  anoxic  20  percent  elutriate  tests.  As 
indicated  by  the  data  in  the  three  tables,  anoxic  conditions 
favored  the  release  of  iron,  which  increased  from  12  Mg/1  in 
the  initial  site  water  to  5,770  Mg/1  in  anoxic  elutriate  A, 
and  10,400  Ug/1  in  anoxic  elutriate  B.  The  release  of  man- 
ganese from  this  sediment  was  not  significant;  only  one  of 
six  elutriates  (5  percent  sediment -oxic ) showed  any  readily 
discernible  manganese  increase.  Sorption  of  cine  was  ob- 
served in  five  oi  six  tests. 

The  elutriate  tests  using  Duwamish  River  Site  2 
sediment  (Table  392)  also  showed  iron  release.  Reducing 
conditions  in  the  two  20  percent  sediment  anoxic  flasks 
caused  an  increase  in  soluble  iron  from  an  initial  12  Mg/1  to 
13,910  and  14,050  Mg/1-  No  manganese  release  was  detected  in 
the  5 percent  oxic  tests,  but  some  was  observed  in  the  20 
percent  oxic  tests,  indicating  the  influence  oi  the  sediment- 
to-water  ratio  on  release  seen  in  the  elutriate.  dine,  and 
to  a lesser  degree,  manganese  were  apparently  sorbed  in  the 
anoxic  elutriate  tests. 

Elutriate  tests  on  Duwamish  River  Site  3 sediment 
yielded  similar  results.  Table  393  shows  that  soluble  iron 
increased  in  the  anoxic  test  from  12  to  22,660  Mg/1.  Only 
slight  release  ot  manganese  was  observed  under  oxic  con- 
ditions. Reducing  conditions  showed  sorption  of  cine.  The 
table  also  shows  that  for  this 


sediment,  results  of  the 


elutriate  and  plop  tests  were  fairly  comparable.  The  release 
of  iron  and  manganese  was  detected  along  with  sorption  of 
zinc.  Manganese  release  was  greater  in  the  plop  test  (205 
yg/1)  than  in  the  two  oxic  elutriate  tests  (151  and  191  yg/1). 
The  results  for  ^he  metals  other  than  iron,  manganese,  and  zinc 
were  similar  to  those  found  in  the  elutriates  using  Duwamish 
River  Site  3 sediment. 


N i t rogen  Compoun<  l s > 


The  results  of  the  nitrogen  compound  analysis  of 

the  Duwamish  sediments  are  presented  in  Table  394.  In 

Duwamish  River  Sites  2 and  3 sediment  samples,  total  Kjeldahl 

nitrogen  concentrations  (organic  N plus  ammonium)  exceeded 

the  US  EPA  proposed  bulk  sediment  criteria  of  November,  1971 

. 3 5 

for  open  water  disposal  of  dredged  material  . However, 

Duwamish  River  Site  1 sediment  had  a lower  concentration  of 
organic  nitrogen  than  samples  from  the  other  two  sites,  and 
its  ammonium  levels  were  also  lower. 

Results  ol  nitrogen  compound  analyses  for  Duwamish 
River  Site  1 elutriate  tests  are  presented  in  Table  395. 
Relatively  moderate  amounts  of  ammonium  were  released  in  both 
oxic  and  anoxic  tests.  Higher  ammonium  and  organic  N release' 
was  observed  in  the  20  percent  elutriates.  Organic  N release 
in  the  20  percent  anoxic  elutriates  was  twice  that  in  the  20 
percent  oxic  elutriates.  There  was  no  apparent  change  in 
nitrate  as  a result  of  elutriation.  However,  a slight  nitrate 
decrease  was  observed  under  anoxic  conditions.  The  lack  of 
analytical  reproducibility  in  the  3 percent  oxic  tests  hindered 
formulation  of  a conclusive  assessment  of  the  relationship 
between  nitrate  release  and  the  sediment  volume  in  the  elutriate. 

Nitrogen  data  for  Site  2 elutriate  tests  appear  in 
Table  390.  Examination  ot  the  table  reveals  that  ammonium 
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Table  114 

Organic  Nitrogen  and  Ammonium  Concentrations : 
Duwamish  River  Sedimenl  Samples 
( mg  N / k ) 


Sam pi i ng 

Locat ion 

To  t a 1 
Nit  i\ 

X 

< j e 1 dci  hi 
)£,en 

SD 

Organic  N 

X SD 

Ammon i um 

X SD 

Site  1 

10  1 

4 5 

6 8 

5 4 

1 1 0 

Site  2 

1 1 1. 

5 7 

1 0 3 l 

7.' 

111  1 5 

Sit*'  3 

1 4 9 3 

c, 

14  01 

!' 

4 0 1 0 

Mean  and 

standard  ^ 

lev  ia  t i on  ca 

1 on  1 a t ci 

1 from 

dup  1 i ca  t e ana  1 y: 

Table  ' J b 


Nit  t 

’OpO 

n 0 

ompou 

nd  i 

'one 

en t rat 

i on 

q • 

Du warn i 

sh 

K i v < 

M' 

Ml 

iLl 

Hulrialc 

_ -1  CLi  L li. 

(me 

. N / 1 ) 

S 

amp  l e 

Or 

pan  i a 

N 

Ammo 

n i um 

N i t 

rat  < 

Des 

ignat 

ion 

X 

ID 

X 

SD 

X 

: 

ID 

Sit 

e Wat 

er 

0 

. 17 

0 

01 

< 

0 . 0 5 

v0 

0. 

3 

o . 

, 0 1 

5% 

Oxic 

A 

0 

. M 

0 

09 

0 . 5 0 

0 

. 01 

0. 

4 0 

0. 

. 01 

B 

0 

. 18 

0 

15 

0 . 0 8 

0 

. 01 

0. 

17 

0 . 

. 0 7 

20% 

Ox  ic 

A 

1 

. !>  8 

0 

14 

2.70 

0 

. 01 

0. 

1 7 

0 , 

. 01 

R 

1 

• 2 2 

0 

.'1 

1 . 90 

0 

. 0 6 

0 . 

4 1 

0. 

. 0 1 

2 0% 

Anox 

ic  A 

•y 

.40 

0 

14 

7 . 1 8 

0 

. 00 

0. 

it; 

0. 

. 01 

R 

2 

. 56 

0 

2 > 

1 . 2 6 

0 

. 0 0 

0 . 

1 1 

0. 

.01 

A and  B are  replicates. 

Mean  and  standard  ileviat  ion  calculated  t rom  dupl  icate  analyses. 
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Table  396 

Nitrogen  Compound  Concentrations: 
Duwamish  River  Site  2 Elutriate  Tests 


i 


(mg  N/l ) 


Sample 

Designation 

Organic  N 

Ammonium 

Nitrate 

X 

SD 

X 

SD 

X 

SD 

Site  Water 

0.17 

0.03 

< 0.05 

%0 

0.39 

0.01 

5%  Oxic 

A 

1.86 

0.06 

1.54 

0 

0.33 

0.01 

B 

0.20 

0.13 

1 . 54 

0.01 

0.37 

O 

o 

f— ' 

20%  Oxic 

A 

1.26 

0.32 

5.74 

0.15 

0.33 

0.01 

B 

2.92 

0.56 

5.82 

0.08 

0.31 

0.01 

20%  Anoxic 

A 

3.71 

0.25 

4.15 

0.11 

0.32 

0.01 

B 

1.02 

0.19 

3.92 

0.11 

0.34 

0.01 

A and  B are  replicates. 

Mean  and  standard  deviation  calculated  from  duplicate  analyses 
except  for  nitrate  (calculated  from  triplicate  analyses). 


release  was  higher  with  the  higher  percentage  elutriates 
and  under  oxic  conditions.  It  was  higher  than  that  observed 
with  the  Duwamish  River  Site  1 elutriates.  Nitrate  was 
essentially  unaffected  by  experimental  manipulations  of  the 
aeration  procedures  and  the  percent  sediment  volume  in  the 
elutriate.  Organic  N analyses  showed  somewhat  poor  repro- 
ducibility, which  may  be  related  to  sampling  of  the  suspension. 

Nitrogen  compound  data  from  Duwamish  River  Site  3 
elutriate  tests  and  the  plop  test  are  listed  in  Table  397. 
Ammonium  release  was  similar  under  oxic  and  anoxic  conditions, 
with  concentrations  falling  between  those  released  in  elu- 
triates using  Duwamish  River  Sites  1 and  2 sediments.  Both 
ammonium  and  organic  N release  decreased  in  the  lower  sedi- 
ment volume  elutriate,  and  organic  N release  was  apparently 
enhanced  by  anoxic  conditions.  The  nitrate  increase  in  the 
anoxic  elutriate  was  unexpected.  Nitrate  concentrations 
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Table  3 97 

Nitrogen  Compound  Concentrations : Duwamish  River 
Site  3 Elutriate  Tests  and  Plop  Test 
(mg  N/l) 


Sample 

Designat ion 

Organic  N 

Ammonium 

Nitrate 

X 

SD 

X 

SD 

X 

SD 

Site  Water 

0.17 

0.03 

< 0.05 

^ 0 

0.39 

0.01 

Elutriate  Tests: 

5%  Oxic 

0.36 

0.15 

1 . 38 

0.01 

0.42 

0.01 

20%  Oxic 

1.96 

0.16 

3.80 

0.05 

0.36 

0.01 

20%  Anoxic 

3.19 

0.33 

3.7  7 

0.10 

0.48 

0.03 

Flop  Test 

0.38 

0.01 

0.86 

0.01 

0.45 

0.  02 

Mean  and  standard  deviations  calculated  from  duplicate  analyses, 
except  for  nitrate  (calculated  from  triplicate  analyses). 


customarily  decrease  in  anoxic  elutriate  tests.  This  may 
be  due  to  the  problems  of  release  of  interferences  in  the 
nitrate  analyses. 

The  plop  test  was  devised  to  simulate  as  closely 
as  possible  the  conditions  in  the  water  column  during  disposal 
operations  at  Fuget  Sound.  Results  of  nitrogen  compound 
analysis  (found  in  Table  397  ) showed  that  organic  N release 
was  comparable  to  that  found  in  the  5 percent  oxic  elutriate 
tests  using  the  same  sediment.  Ammonium  concenti’ations  were 
lower,  and  nitrate  concentrations  were  essentially  the  same  as 
those  observed  in  the  corresponding  5 percent  oxic  elutriate 
tests . 

Some  generalizations  can  be  derived  from  the  series 
of  tests  on  Duwamish  River  sediments.  There  was  no  consistent 
pattern  for  either  release  or  removal  of  nitrate.  Ammonium 
release  was  generally  moderate  and  was  higher  for  Duwamish 
River  Site  2 sediments,  even  though  Duwamish  River  Site  3 
sediments  had  originally  shown  a higher  nitrogen  content. 
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Organic  N release  was  apparently  higher  under  anoxic  conditions 
and,  like  ammonium,  increased  with  the  higher  sediment  per- 
centage elutriate. 

Phosphorus  Compounds 

The  total  phosphorus  concentrations  in  the  Duwamish 
River  sediment  used  in  elutriate  tests  are  presented  in  Table 
398.  The  concentrations  at  Duwamish  Sites  2 and  3 were 
not  statistically  different  at  the  95  percent  confidence 
level.  Those  total  P concentrations  were  greater  than  the 
concentration  found  at  Site  1,  the  most  seaward  sampling  site. 

An  apparent  iron  precipitate  formed  in  the  samples 
between  the  time  the  anoxic  elutriates  were  filtered  and  the 
soluble  ortho  P analyses  were  made.  Each  of  these  elutriates 
was,  therefore,  refiltered.  To  estimate  the  quantity  of  phos- 
phor us  removed  with  the  precipitate,  an  attempt  was  made  to 
calculate  the  total  phosphorus  concentrations  of  the  original 
filtrate.  However,  the  large  quantity  of  iron  interfered  in 
the  analysis  and  totarl  P could  not  be  determined.  Therefore, 
the  reported  soluble  ortho  P concentrations  for  these  anoxic 
elutriates  are  probably  low. 

Three  sets  of  duplicate  elutriate  tests  were  run  on 
sediment  from  Duwamish  Site  1.  In  each  case,  one  replicate 
showed  an  increase  in  soluble  orthophosphate  and  the  other 
showed  a decrease  (Table  399).  Differences  in  the  ortho  P 
concentrations  between  replicate  elutriates  ranged  from  2.5 
to  7 -fold  and  did  not  seem  to  be  related  to  any  of  the  physi- 
cal and  general  parameters  monitored. 

Table  400  presents  soluble  orthophosphate  data 
for  Duwamish  Site  2 elutriate  tests.  Although  the  replicate 
elutriates  showed  1.8  to  3.6-fold  differences  in  soluble  ortho 
P concentrations,  the  direction  of  concentration  changes 
relative  to  the  site  water  was  the  same  in  the  replicates. 

Both  the  20  percent  oxic  and  20  percent  anoxic  elutriates 
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Table  398 

Total  Phosphorus  Concentrations: 
Duwamish  River  Sediment  Samples 
(mg  P/kg  dry  weight) 


Sampling  Site 

Total 

Phosphorus 

X 

SD 

1 

508 

76 

2 

828 

29 

3 

925 

21 

Mean  and  standard 
digestions  of  one 

deviation  calculated  from  duplicate 
sample . 

Table  399 

Soluble  Ortho 

phos 

phu  t e Concentrations : 

Duwamish  River  Site  1 

Oxic  and  Anoxic  Elutriate 

Tests 

(mg  P / 1 ) 

Sample 

Soluble  Ortho  P 

Total  Phosphorus 

Designation 

X SD 

X SD 

Site  Wati 

er 

0. 

079 

0. 

001 

0.11 

0 

. 005 

5%  Oxic 

A 

0. 

054 

0 

- 

- 

B 

0. 

13 

0 

- 

- 

20%  Oxic 

A 

0. 

19 

0 

- 

- 

B 

0. 

050 

0. 

001 

- 

- 

20%  Anox 

ic  A* 

0. 

29 

0. 

001 

- 

- 

B* 

0. 

042 

0. 

001 

- 

- 

A and  B . 

are  replicates. 

Dash  (-) 

indicates 

not 

appli 

cabl 

e . 

Mean  and 

standard 

devia 

ition 

calc 

■ulated 

from  triplicate 

analy: 

of  one  s. 

ample . 

* Samples 

ref i 1 tere 

d prior  to 

ana 

ilysis 

to  remove  material 

in 

suspension . 
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Table  400 


Soluble  Orthophosphate  Concentrations:  Duwamish  River 


Site  2 Oxic  and  Anoxic  Elutriate  Tests 


A and  B are  replicates. 

Mean  and  standard  deviation  calculated  from  triplicate  analyses 
of  one  sample. 

Dash  (-)  indicates  not  applicable. 

*Samples  refiltered  prior  to  analysis  to  remove  suspended 
material  - 


showed  the  increases  in  soluble  ortho  P concentration.  Al- 
though there  was  no  statistical  difference  in  concentration 
(at  the  95  percent  confidence  level)  between  the  20  percent 
oxic  and  anoxic  elutriates,  some  soluble  ortho  P was  probably 
removed  with  the  precipitate  during  the  refiltration  of  the 
anoxic  elutriates.  Only  in  the  5 percent  oxic  elutriates, 
which  had  the  highest  final  D.O.  concentrations  (approximately 
5.6  mg/1),  did  the  soluble  ortho  P concentration  appear  to 
decrease  as  a result  of  elutriation. 

Soluble  orthophosphate  concentrations  in  Duwamish 
River  Site  3 elutriates  are  presented  in  Table  401.  Only 
the  anoxic  tests  (which  had  been  refiltered)  showed  an  in- 
crease in  soluble  ortho  P resulting  from  elutriation.  The 
reported  concentration  is  likely  lower  than  that  present 


Sample 

n 

Soluble 

Ortho  P 

Total  Phosphorus 

Designatioj 

X 

SD 

X 

SD 

Site  Water 

0. 

079 

0. 

.001 

0.11 

0.005 

5%  Oxic 

A 

0. 

072 

0. 

. 001 

- 

- 

B 

0. 

039 

0 

- 

- 

20%  Oxic 

A 

0. 

11 

0. 

. 002 

- 

- 

B 

0. 

40 

0 

- 

- 

20%  Anoxic 

A* 

0. 

.23 

0. 

. 001 

- 

- 

B* 

0. 

.42 

0. 

.003 

— 

— 

Table  401 


Soluble  Orthophosphate  Concentrations:  Duwamish  River 
Site  3 Elutriate  Tests  and  Flop  Test 
(mg  P/1) 


Sample  Designation 

Soluble 

X 

Ortho  P 

SD 

Site  Water 

0.079 

0.001 

Elutriate  Tests: 

5%  Oxic 

0.032 

0 . 002 

20%  Oxic 

0.020 

0.001 

20%  Anoxic  * 

0.41 

0.00  3 

Plop  Test  (12 

0.030 

0.001 

Mean  and  standard  deviation 

calculate 

d from  tripli. 

Sample  refiltered  prior  to  analysis  to  remove  a precipitate 


immediately  following  the  elutriate  test.  Soluble  ortho  P 
concentrations  in  the  oxic  elutriates  and  in  the  plop  test 
elutriate  were  lower  than  tlxv.e  in  the  site  water. 

These  soluble  ortho  P concentrations  can  be  re- 
lated to  the  D.O.  content  of  the  elutriate  after  settling. 
The  5 and  20  percent  elutriates  had  D.O.  concentrations  of 
4,8  and  3,6  mg/1,  respectively,  whereas  the  anoxic  elutriate 
had  less  than  0.5  mg/1  D.O.  Although  the  plop  test  solution 
contained  only  1.7  mg/1  D.O.,  its  soluble  ortho  P concentra- 
tion was  about  the  same  as  that  of  the  5 percent  oxic 
elutriate . 
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From  these  tests  it  would  appear  that  when  dealing 
with  the  water  and/or  sediment  with  a high  iron  content,  if 
the  oxygen  conditions  resulting  from  dredged  material  dis- 
posal could  be  estimated,  the  direction  of  change  in  soluble 
orthophosphate  concentration  might  be  predicted.  If  oxic 
conditions  are  likely,  then  water  column  soluble  ortho  P 
levels  might  be  expected  to  decrease.  Conversely,  if  anoxic 
conditions  are  expected,  increases  in  ortho  P would  seem 
likely. 

Organic  Compounds 

A 20  percent  elutriate  test  was  run  on  sediment  and 
water  samples  from  Duwamish  River  Site  2.  The  samples  were 
analyzed  for  selected  chlorinated  hydrocarbons,  total  organic 
carbon,  and  oil  and  grease.  Figure  120A  shows  the  profile 
of  organic  residues  for  the  sediment,  water  and  elutriate 
samples.  Table  402  lists  the  peaks  and  relative  retention 
times  for  these  samples  and  is  derived  from  Figure  120B. 

It  can  be  seen  that  only  a small  amount  of  release  of  chlorinated 
hydrocarbons  occurred. 

Table  403  lists  the  concentrations  of  chlorinated 
hycrocarbons  and  related  parameters  found  in  these  samples. 

In  the  sediment  pp'DDT  (25.9  yg/kg),  pp'DDE  (4.5  yg/kg), 

PCBs  (406  yg/kg), and  heptachlor  (1.8  yg/kg)  were  detected. 

The  oil  and  grease  content  was  702  mg/kg  and  total  organic 
carbon  was  3.6  percent.  Heptachlor  (2.8  ng/1)  and  PCBs  (11.5 
ng/1)  were  detected  in  the  site  water.  Release  of  pp'DDE 
(2.8  ng/1),  heptachlor  (4.0  ng/1), and  PCBs  (33.4  ng/1)  could 
be  seen  in  the  elutriate. 

The  fine  silt  sediment  was  collected  at  Duwamish 
River  Slip  l(site  of  the  PCB  spill  described  earlier)  with  a 
pipe  dredge.  Water  which  was  collected  with  the  sediment  was 
poured  off  into  a separate  container  and  the  sediment  was 
placed  in  a bucket.  A surface  water  sample  was  also  collected 
at  the  site.  Before  analysis  for  PCBs,  water  remaining  in 
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F Igure  120  , 

matograms:  Profile  of  Organic  Residues  of  Ouwamlsh  River 
Site  2 Sediment,  Hater  and  Elutriate 


Table  402 

Relative  Retention  Correlation  Data:  Duwamish  River 
Site  2 Elutriate  Test 


Peak  Organic 


Number 

Compound 

X 

mm 

R 

r 

Sediment 

Water 

Elutriate 

1 

2 9 

0.46 

/ 

/ 

✓ 

2 

33 

0.  52 

/ 

/ 

/ 

3 

37 

0.57 

/ 

/ 

/ 

4 

40 

0.63 

/ 

/ 

/ 

5 

45 

0.71 

/ 

/ 

/ 

6 

48 

0.76 

/ 

/ 

/ 

7 

Heptachlor 

51 

0.81 

/ / 

// 

/»' 

8 

57 

0.90 

/ 

/ 

✓ 

9 

64 

1.02 

/ 

/ 

/ 

10 

69 

1.10 

/ 

/ 

/ 

11 

75 

1.19 

/ 

/ 

/ 

12 

85 

1.35 

/ 

/ 

13 

Heptachlor 

Epoxide 

91 

1.44 

/ 

/ 

/ 

14 

98 

1.56 

/ 

✓ 

15 

110 

1.75 

/ 

/ 

/ 

16 

pp'DDE 

121 

1.92 

// 

•V 

// 

17 

128 

2.03 

/ 

/ 

/ 

18 

Dieldrin 

138 

2.19 

/ 

/ 

/ 

19 

148 

2.35 

/ 

20 

154 

2.44 

/ 

/ 

21 

176 

2.79 

/ 

/ 

22 

192 

3.05 

/ 

23 

pp'DDT 

213 

3.38 

// 

/ 

24 

236 

3.75 

/ 

25 

256 

4.06 

/ 

( Continued) 
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Table  402  (Concluded) 


Peak 

Number 

Organic 

Compound 

X 

mm 

R 

r 

Sediment 

Water 

Elutriate 

26 

278 

4.41 

/ 

27 

298 

4.73 

/ 

/ 

/ 

28 

332 

5.27 

/ 

29 

335 

5.32 

/ 

30 

404 

6.41 

/ 

31 

440 

6.98 

/ 

32 

544 

8 .63 

/ 

/ = Compound  was 

indicated 

on  one 

column . 

t/  = Compound  was  indicated  on  two  columns. 


the  sediment  bucket  was  poured  off  and  mixed  with  the  other 
water  taken  with  the  pipe  dredge.  These  waters  are  refei'red 
to  as  sediment-associated  water. 

Table  404  presents  the  results  for  PCB,  oil  and 
grease,  and  carbon  analyses  of  these  samples.  The  sediment 
contained  3,222  pg/kg  PCBs  and  1.7  percent  TOC.  In  the 
sediment-associated  water,  the  PCB  concentration  was  175  ng/1 
and  TOC  was  00  mg/1.  The  concentrations  of  PCBs  and  TOC  in 
the  surtace  water  were  70  ng/1  and  60.3  mg/1,  respectively. 
The  sediment  was  compared  to  several  Aroclor  standards  and 
most  closely  resembled  Aroclor  1248. 
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Duwamish  River  Site  2 Elutriate  Test 


Parameter 

Sediment 

Water 

Elutriate 

Chlorinated  Hydrocarbons: 

(Ug/kg) 

(ng/ 1 ) 

(ng/1) 

Aldrin 

< 0.4 

< 0.6 

< 0.6 

op 'DDT 

< 1.6 

< 3.0 

< 3.0 

pp’DDT 

25.9 

< 3.0 

< 3.0 

op'DDD 

< 2.0 

< 2.0 

< 2.0 

pp'DDD 

< 2.0 

< 2.0 

< 2.0 

op 'DDE 

< 1.4 

< 2.0 

< 2.0 

pp 'DDE 

4 . 5 

< 2.0 

2 . 8 

Dieldrin 

<0.8 

< 1.2 

< 1.2 

Endosulfan 

I 

< 0.9 

< 1.2 

< 1.2 

Endosulfan 

II 

< 3.4 

< 4.4 

< 4.4 

Endrin 

< 1.2 

< 1.6 

< 1.6 

Heptachlor 

1 . 8 

2 . 8 

4.0 

Lindane 

< 0.2 

< 0.3 

< 0.3 

PCBs 

406 

11.5 

33.4 

Other  Organic 

Oil  and  Gr« 

Compounds 

?ase 

702  mg/kg 

(mg/1 ) 

< 0.5 

(mg/1 ) 

< 0.5 

25 . 7 
10.5 


Oil  and  Grease 
TOC 

Total  Inorganic  Carbon 


702  mg/kg 

3.6% 

0.2% 


NT 

NT 


855 


Table  404 


Data  for  Selected  Organic  Compounds : 


Duwamish 

River  Slip  1 

Sediment -Associated 

Surface 

Parameter 

Sediment 

Water 
(me/1 ) * 

Water 

(me/1)* 

PCBs 

3222  ug/kg 

175 

70 

Oil  and  Grease 

NT 

< 0.5 

< 0.5 

Total  Organic 

Carbon 

1.7% 

90 

60.3 

Total  Inorganic 

Carbon 

0.1% 

54.0 

22 . 5 

* PC  B concentrations  in  ng/1. 
NT  = Not  tested. 


Bioassays 

The  Duwamish  River  sediment  toxicity  data  were 
collected  for  bioassays  with  P.  pugio  in  elutriates  using 
Site  3 sediment.  The  chemical  characteristics  data  for 
the  bioassays  are  presented  in  Table  405.  The  total  ammon- 
ium nitrogen  in  the  20  percent  sediment  tests  increased  4 
to  5 mg/1,  with  approximately  0.02  mg/1  present  as  unionized 
ammonia.  In  addition,  the  elutriates  showed  decreased  D.O. 
concentrations  and  increased  levels  of  turbidity. 

Total  ammonium  and  D.O.  concentrations  were 
measured  at  the  end  of  the  96-hour  test  period.  The  data 
presented  in  Table  406  show  that  the  ammonium  concentration 
increased  slightly  in  each  bioassay  elutriate.  Table  407 
indicates  that  the  one-hour  aeration  period  following  the 
one-hour  settling  period  was  sufficient  to  raise  the  D.O. 
to  above  4 mg/1.  No  further  aeration  was  used. 


86  9 


o 


c r>  cn 

04  04 


CO  00 
04  04 


X)  * ^ 
<D  03  H 

N -H  \ 
•H  C 2 

c o 
OEM 
•h  e & 
c < ^ 


i — 1 *H 

st 

04 

to 

CM 

CD 

l — 1 

0 3 £ 

iH 

l — 1 

CD 

St 

CM 

St 

-MOW 

• 

• 

• 

• 

• 

• 

O £j  £ 

Hg- 

< 

O 

o 

i — 1 

i — 1 

LO 

St 

10  rH 
. O 04 

O £ 

<i>  5 ^ 
Q,  P 
oo  ^ 


o o 

I — f I — t 

lO  CD 

CD  CD 

CO  CO 


CD  CD 

CO  CO 


P 

o 

4h 

•H 

P 

X* 

0) 

0) 

P. 

P 

rd  • 

bO 

•H  e 

£ 

p p 

•rl 

O o 

i — 1 

i — 1 Oh 

-P 

03 

P 

O X) 

(U 

(D 

to 

03  P 

•H  o3 

P 

£ *H 

P 

O O 

o 

g o 

,£ 

p w 

1 

03  (0 

0) 

■H 

£ 

XJ  X3 

o 

0)  £ 

N £ 

<d 

*rl 

,£ 

£ £ 

-p 

O -P 

'rl 

4-4 

£ aJ 

o 

£ -P 

£ 

- O 

£ 

to  g 

(D 

a)  e 

p o3 

a> 

o3 

rC 

•P  4h 

P 

P O 

• 

P 

to 

P 

£ to 

<D 

03 

rH  £ 

P 

0)  o 

03 

£ 

•H 

o 

0) 

>>P 

•H 

03  O 

i — 1 

03 

tO  03 

(X 

■P 

to  P 

(V 

03  4-4 

p 

to 

O 

p 

•H  P 

<1) 

£ 

A o 

p 

0) 

4h 

rd 

£ 

fH 

0) 

rH  tO 

CQ 

P 

03  <13 

3 

i — 1 

x> 

to 

P ,£ 

£ 

<TJ 

O 03 

<tJ 

a) 

tx«  P 

?: 

•ic 

< 

•5C 

•X 

Table  406 

Total  Ammonium  Content:  Duwamish  River  Site  3 Elutriate 


Bioassays  at  Completion  of  96-Hour  Test  Period 


Sample 
Designat ion 

pH 

Total 
Ammonium 
(mg  N / 1 ) 

Unionized 

Ammonia 
(mg  N/l) 

Control 

A 

8.1 

0.10 

< 0.01 

B 

8.1 

0.10 

< 0.01 

5% 

A 

7.3 

2 . 14 

< 0.01 

B 

7.0 

2 . 17 

< 0.01 

20% 

A 

7.0 

5 . 84 

0.02 

B 

7.2 

5.23 

0.02 

A and  B 

are  replicat 

es . 

Table 

407 

Dissolved 

Oxygen 

Concentrations : 

Duwamish  River  Site  3 

Sediment  Elutriate  Bioassays 

over  Test  Period 

(mg/1  @ 

20-21 

°C) 

Time 

Control 

5% 

20% 

(hr ) 

A 

B 

A 

B 

A B 

0 

7.0 

7 . 0 

4 . 3 

3 . 8 

2.0  1.1 

1* 

7.1 

7.2 

6.3 

6.0 

6.0  5.9 

24 

6.2 

6.5 

3.9 

3 . 9 

3.5  3.4 

48 

5.8 

6.1 

3 . 9 

3.8 

3.2  3.2 

72 

5.7 

6.0 

3.7 

3.7 

3.2  2.8 

96 

5.4 

5.6 

3 . 6 

3.7 

3.0  2.7 

A and  B are  replicates. 

* 

Measurements  taken  after  first  hour  of  aeration. 


The  results  of  the  metal  analyses  of  the  bioassay 
elutriates  are  presented  in  Table  408.  The  data  show  large 
releases  of  both  iron  and  manganese.  Manganese  concentra- 
tions ranged  from  29  ug/1  in  the  5 percent  tests  to  over 
6900  pg/1  in  the  20  percent  sediment  tests.  Copper  release 
in  the  20  percent  elutriates  was  approximately  two  to  five 
times  that  of  the  controls.  Mercury  was  removed  in  the  5 
percent  sediment  tests  and  released  in  the  20  percent  tests. 
A ten-fold  increase  in  cadmium  was  observed  in  one  5 percent 
replicate;  the  othei'  showed  no  significant  change.  Lead  was 
removed  in  both  the  5 and  20  percent  sediment  tests.  No 
significant  changes  from  the  test  water  concentrations  were 
observed  for  chromium,  nickel,  and  zinc. 

Table  409  presents  the  results  of  the  bioassays 
using  Site  3 sediments.  Only  one  organism  died  over  the  en- 
tire 96-hour  test  period. 


field  Studies 

Characteristics  of  Study  Site 

The  mechanically  dredged  Duwamish  River  sediments 
were  loaded  onto  a barge  and  disposed  of  in  Elliott  Bay 
(Puget  Sound).  The  water  column  at  Buoy  D,  the  disposal  site, 
was  monitored  for  approximately  4.5  hours,  a period  which 
included  pre-disposal  conditions  and  two  disposal  operations. 

The  disposal  operations  were  monitored  while  the 
sampling  ship  was  anchored  at  Buoy  D in  Elliott  Bay.  Two 
split-bottom  barges  at  a time,  hooked  up  in  sequence,  were 
brought  out  to  Buoy  D from  the  dredging.  Each  barge  dumped 
its  material  when  adjacent  to  the  sampling  ship.  When  the 
first  barge  was  empty,  the  second  one  was  moved  into  place 
and  the  procedure  repeated.  The  barges  were  either  upcurrent 
from  the  sampling  vessel  or  parallel  to  it  in  the  current. 
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Table  4Q3 

Release  of  Heavy  Metals:  Duwamish  River  Site 


and  E are  replicates 


The  time  between  the  two  dumps  varied  from  5 to  10 
minutes.  Each  barge  dump  took  1 to  2 minutes.  The  barge 
was  very  close  and  sometimes  touching  the  sampling  vessel 
during,  the  dumps.  The  distance  between  the  barge  and  the 
pumps  used  to  take  water  samples  during  the  dumps  and  between 
the  barge  and  the  other  monitoring  equipment  varied  between 
15  and  100  feet  . 

Current  measurements  were  made  at  varying  depths 
in  the  water  column.  Table  410  shows  a profile  of  the 
currents  at  Buoy  D several  hours  before  the  first  disposal 
operation.  From  surface  to  one  meter  off  of  the  bottom  the 
current  speed  varied  from  0.05  to  0.175  cm/sec.  The  faster 
currents  were  found  at  mid-depth,  between  23  and  43  meters, 
and  the  slower'  currents  were  found  in  the  upper  and  lower 
thirds,  of  the  water  column.  The  measured  direction  of  the 
current  was  quite  variable.  Throughout  the  water  column  it 
ranged  from  50°  to  245°.  In  the  upper  half  of  the  water 
column,  the  range  was  50°  to  325°.  In  the  lower  half  it  was 
85°  to  280°.  Table  411  shows  current  direction  readings 
over  time  at  a constant  30  m depth.  Tire  direction  was  quite 
variable,  ranging  from  55°  to  360°, 

During  the  disposal  operations  the  current  meter 
was  maintained  at  80  meters.  The  direction  of  the  current 
during  this  period  generally  ranged  from  285  to  290°  and  was 
considerably  steadier  than  the  current  at  30  meters.  The 
current  speed  ranged  from  0.1  to  0.5  cm/sec. 

The  climatic  conditions  during  the  Elliott  Bay 
disposal  operation  varied.  Initiallv  the  sky  was  overcast  with 
light  rain  and  very  light  winds.  During  the  day  the  winds 
grew  quite  heavy,  gusting  to  30  mph . The  seas  became  heavy 
with  white  caps.  There  were  intermittent  heavy  showers 
during  the  day.  The  temperature  was  approximately  45°C. 
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Table  410 

Pre-Disposal  Current  Profile  at  Buoy  D in  Elliott  Ba 
February  17,  1976 


Time 

(hr : min : sec ) 

Depth 

(m) 

Direction 
(°  magnetic) 

Speed 

(cm/sec) 

9:51:00 

3 

270 

0.05-0.07! 

9 : 5 3 ; 30 

8 

50-270 

0.1 

9:56:00 

13 

310-325 

0.12 

9:57:30 

13 

80 

0.10 

9:58:00 

18 

245-260 

0.10 

10  : 00 : 00 

2 3 

275-280 

0.175 

10:02:00 

28 

10-25 

0.15 

10:03:00 

3 3 

350-25 

0.10 

10:05 : 00 

38 

360-35 

0.15 

10:06:00 

43 

80-90 

0.11 

10:07:30 

48 

360-10 

0.10 

10:08:15 

5 3 

325-360 

0 .10 

10:09:15 

53 

40-65 

0.075 

10 : 10  : 00 

58 

310-315 

0.05 

10:11 : 30 

61  (1 

m off  bottom) 2 8 0 -3 20 

0.08-0.10 

Optical  Properties 

Changes  in  turbidity  at  the  Elliott  Bay  disposal 
site  were  monitored  with  a transmissometer . The  data  were 
collected  using  a 10  cm  light  path.  Figure  121  presents  the 
pre-disposal  data  collected  at  the  Elliott  Bay  disposal  site 
at  9:30  on  the  day  of  the  disposal  operations.  The  percent 
transmission  steadily  decreased  with  depth  through  the  water 
column.  The  surface  waters  had  a 47  percent  transmission 
while  the  bottom  waters  showed  a 24  percent  transmission. 

These  values  were  much  lower  than  those  found  during  disposal. 

The  data  collected  at  12:23:20  and  12:27:15 
(during  disposal)  are  presented  in  Figure  122.  They  show 
a much  higher  percent  transmission  than  noted  earlier  in  the 
surface  waters.  Readings  were  taken  at  depths  of  1,  3,  and  5 
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Table  411 

Current  Direction  at  30  Meters  at  Buoy  D in  Elliott  Ba 


Time  Direction* 

(hr :min : sec ) (°  magnetic) 


10 

20 

30 

55-75 

10 

21 

00 

80-95 

10 

22 

00 

300-315 

10 

22 

15 

90-95 

10 

23 

45 

310-315 

10 

24 

15 

315 

10 

24 

45 

270-315 

10 

27 

45 

5-315 

10 

28 

45 

80 

10 

29 

15 

315 

10 

29 

30 

60 

10 

30 

30 

360 

*Speed  was  0.075-0.1  cm/ sec . 


meters.  The  data  showed  little  fluctuation  at  3 meters 
five  minutes  after  the  dump. 

Data  were  collected  with  t,wo  transmissometers 
during  Elliott  Bay  Dumps  Nos  1 and  2.  During  the  first 
operation,  transmission  at  depths  of  5 and  60  meters  (bottom) 
was  monitored.  The  data  collected  at  5 meters  are  presented 
in  Figure  123.  The  general  trend  was  for  a decrease  in 
transmission  to  come  just  after  disposal,  followed  by  a re- 
turn to  ambient  conditions.  This  generally  occurred  except 
that  between  15:10  and  15:20,  the  transmission  was  apparently 
much  lower.  This  is  likely  due  to  a turbid  surface  water 
cloud  arising  from  sediments  which  washed  out  of  the  barge 
after  it  left  the  disposal  area. 

877 


PERCENT  TRANSMISSION 

Figure  121 

Percent  Transmission  Profile:  Pre-Disposal 
Elliott  Bay  - 9:30 
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The  data  collected  during  the  first  disposal  opera- 
tion at  a depth  of  60  meters  are  presented  in  Figure  124. 

The  readings  decreased  sharply  just  after  disposal.  Within  a 
ten-minute  period,  the  percent  transmission  returned  to  the 
pre-disposal  levels.  During  that  ten-minute  period,  however, 
the  percent  transmission  decreased  to  zero  upon  three  separate 
observations.  Transmission  at  60  meters  did  not  show  the 
decrease  30  minutes  after  disposal  that  was  seen  at  5 meters. 
This  difference  indicates  that  the  cause  for  decreased  percent 
transmission  was  localized  in  the  upper  waters. 

Data  were  collected  during  the  second  disposal 
operation  at  depths  of  30  and  60  meters.  Figures  125 
and  126  present  these  data.  At  30  meters  a smaller  decrease 
than  that  seen  earlier  was  noted  approximately  10  minutes 
after  disposal.  The  readings  returned  to  the  pre-disposal 
levels  within  20  minutes  of  disposal.  The  plot  of  the  data 
collected  from  a depth  of  60  meters  shows  extreme  variability 
after  disposal.  The  effects  of  the  disposal  were  seen  more 
quickly  at  this  depth  than  at  30  meters.  There  was  not  the 
quick  return  to  pre-disposal  condition  seen  at  30  meters; 
instead  the  system  exhibited  large  fluctuations  in  values. 

The  condition  at  the  bottom  appeared  to  stabilize  by  50 
minutes  after  disposal. 

The  disposal  operations  caused  detectable  changes 
in  the  turbidity  of  the  water  column.  In  most  cases,  within 
60  minutes  or  less  (a  relatively  short  period  of  time)  the 
turbidity  conditions  adjacent  to  the  disposal  site  returned 
to  the  pre-disposal  levels. 

In  Situ  Measurements 

The  water  column  was  measured  for  D.O.  and  tem- 
perature at  5 meter  intervals  to  a depth  of  60  meters, 
which  was  1 to  2 meters  off  the  bottom.  The  first  disposal 
operation  took  place  at  11:44  on  February  17.  Circumstances 
(loss  of  anchorage)  prevented  the  taking  of  samples  during 
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the  actual  disposal,  so  only  pre-  and  post-disposal  data 
are  available.  The  pre-disposal  data  (Table  412)  were 
taken  from  11:25  to  11:43.  The  temperature  ranged  from 
7.0°C  near  the  surface  to  8.5°C  at  60  meters.  Dissolved 
oxygen  concentrations  ranged  from  14.4  mg/1  near  the  surface 
to  9.8  mg/1  at  60  meters.  Figure  127  shows  the  D.O.  pro- 
files of  the  water  column  before  and  after  disposal.  There 
was  a small  increase  in  temperature  and  decrease  in  D.O. 

The  temperature  ranged  from  8.0  to  8.5°C,  and  the  D.O. 
ranged  from  10.4  to  9.7  mg/1.  The  decrease  in  D.O. was  less 
than  1.0  mg/1  throughout  the  water  column,  except  for  the 
top  5 meters.  The  reason  for  the  marked  difference  in  D.O. 
in  the  surface  waters  is  uncertain  because  D.O.  was  not 
monitored  during  disposal. 

Pre-  and  post-disposal  water  column  profile  data 
for  the  first  disposal  operation  (Elliott  Bay  Dump  No.  1)  are 
presented  in  Table  413.  Pre-disposal  measurement  was  com- 
menced at  14:06.  The  temperature  ranged  from  8.0  to  8.5°C, 
while  D.O.  ranged  from  10.7  mg/1  at  the  surface  to  9.2  mg/1 
at  60  meters.  The  post-disposal  profile  (15:20)  showed  the 
same  temperature  range.  Dissolved  oxygen,  however,  ranged 
from  9.3  to  8.7  mg/1,  decreases  of  1.4  and  0.5  mg/1  from 
corresponding  pre-disposal  values.  Figure  128  is  a plot  of 
the  pre-  and  post-disposal  D.O.  reading.  The  D.O.  was  rela- 
tively uniformly  decreased  by  0.5  mg/1,  except  at  the  surface 
where  the  decrease  was  1.4  mg/1. 

Temperature  and  D.O.  were  continuously  monitored 
at  a depth  of  60  meters.  Table  414  shows  that  the  temperature 
remained  at  8.0°C.  However,  there  were  fluctuations  in  D.O. 
concentrations  (more  clearly  seen  in  Figure  129).  Neverthe- 
less, these  changes  were  very  small,  0.1  and  0.2  mg/1  0,. 
Post-disposal  D.O.  changes  were  so  slight  that  one  cannot 
attribute  them  to  the  disposal. 
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Table  412 

Pre-  and  Post-Disposal  Viator  Column  Measurements : 
Elliott  Bay  Unmonitored*  Disposal  Operation 


Time  Depth  Temp  D.O. 


(hr:min)  (m)  (°C)  (mg/1) 

11:25:00  5 7.0  14.4 


11 

30 

: 00 

10 

8. 

0 

11. 

4 

11 

32 

: 00 

15 

8 . 

0 

11. 

1 

11 

34 

o 

o 

20 

8 . 

0 

O 

i — 1 

8 

11 

35 

00 

25 

8 . 

0 

10  . 

5 

11 

36 

00 

30 

8 . 

0 

10. 

4 

11 

3 7 

00 

35 

8 . 

0 

10  . 

4 

11 

37 

o 

o 

40 

8. 

0 

10. 

3 

11 

39 

00 

45 

8. 

0 

10. 

1 

11 

41 

00 

50 

8. 

5 

10  . 

2 

11 

4 2 

00 

55 

8. 

5 

10. 

0 

11 

43 

00 

60 

8. 

5 

9. 

8 

Unmonitored 

Dump  Occurred 

13 

15 

00 

1 

8 . 

0 

10  . 

4 

13 

17 

00 

5 

8. 

5 

10. 

2 

13 

18 

00 

10 

8 . 

0 

10. 

4 

13 

19 

00 

15 

8. 

0 

10  . 

4 

13 

19 

30 

20 

8 . 

0 

10. 

2 

13 

20 

00 

2 5 

8. 

0 

10  . 

2 

13 

21 

00 

30 

8 . 

0 

o 

1 — i 

1 

13 

21 

30 

35 

8 . 

0 

10. 

0 

13 

22 

00 

4 0 

8 . 

0 

9 . 

9 

13 

22 

00 

45 

8 . 

0 

9 . 

9 

13 

23 

00 

50 

8 . 

5 

9 . 

8 

13 

24 

00 

55 

8 . 

5 

9 . 

8 

13 

24 

00 

60 

8 . 

5 

9 . 

7 

L VC\ 

amst . 

mco  proven  tec 

i sampling  boat 

from  being 

pre 

sent 

during  actual  disposal  operation. 
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Dissolved  Oxygen  (mg/1) 

Fiqure  127 

Changes  In  Dissolved  Oxygen:  Elliott  Bav 
Unmonitored  Disposal  Operation 
(February  17,  1976) 
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Table  413 


Pre-  and  Post-Disposal  Water  Column  Measurements : 
Elliott  Bay  Dump  No.  1 


Time 

(hr. min) 

Depth 

(m) 

Temp 

(°C) 

D.O. 

(mg/1 ) 

Salinity 

(°/00) 

14:06 

1 

8.0 

10.7 

23.0 

5 

8.0 

10.0 

25.5 

10 

8.0 

10.0 

25.5 

15 

8.0 

9.8 

25.5 

20 

8 . 0 

9.8 

25.5 

25 

8.0 

9.7 

25.7 

30 

8.0 

9.6 

25.8 

35 

8.0 

9 . 6 

25.9 

40 

8.0 

9.4 

26.0 

43 

8.0 

9.3 

26.0 

45 

8.0 

9.5 

- 

50 

8.5 

9.4 

- 

55 

8.5 

9.3 

- 

60 

8.0 

9.2 

- 

14 

: 3 6 - Dump- 

i Occurred 

15:20 

1 

8.5 

9 . 3 

- 

5 

8 . 5 

9.2 

- 

10 

8.5 

9.2 

- 

15 

8.5 

9.2 

- 

20 

8.5 

9. 3 

- 

25 

8.5 

9.2 

- 

30 

8.5 

9.2 

- 

35 

8.5 

9.1 

- 

40 

8.5 

9.0 

- 

45 

8.5 

8.9 

- 

50 

8.0 

8 . 8 

- 

55 

8.0 

8.7 

- 

60 

8.0 

8.7 

- 

LVi.-.h  (-) 

indicates 

it ata  not  . 

iv. i liable . 
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Dissolved  ^xygen  (mg/1) 

Figure  128 

Pre-  and  Pos t -D i sposa 1 Dissolved  Oxygen:  Elliott  Bay  Dump  No.  1 
(February  17,  1976) 


Table  414 

Changes  in  Dissolved  Oxygen  and  Temperature  at  60  Meters : 

Elliott  Bay  Dump  No.  1 


Time 
(hr : min : 
sec ) 

Temp 

(°C) 

D.O. 

(mg/1) 

Time 
(hr : min: 
sec ) 

Temp 

(°C) 

D.O. 
(mg/1 ) 

14 

28 

00 

8. 

0 

9. 

2 

14 

42 

00 

8. 

0 

8 . 

9 

14 

29 

00 

8. 

0 

9. 

0 

14 

42 

30 

8. 

0 

8. 

9 

14 

31 

00 

8. 

0 

9. 

, 1 

14 

43 

00 

8 . 

0 

8. 

9 

14 

32 

00 

8. 

0 

9. 

1 

14 

43 

30 

8. 

0 

8. 

9 

14 

33 

00 

8. 

0 

9. 

,1 

14 

44 

00 

8. 

0 

8. 

9 

14 

34 

00 

8. 

0 

9. 

, 1 

14 

44 

30 

8. 

0 

8. 

9 

14 

35 

00 

8. 

0 

9. 

, 1 

14 

45 

00 

8 . 

0 

8. 

9 

14 

36 

00 

8. 

0 

9. 

1 

14 

46 

00 

8. 

0 

8. 

9 

14  : 

: 36 

: 30  - 

- Dump 

No . 

1A 

14 

37 

00 

8. 

0 

9. 

1 

14 

47: 

00 

8. 

0 

8. 

9 

14 

37 

30 

8 . 

0 

8 . 

, 9 

14 

48  : 

00 

8. 

0 

8. 

9 

14 

38 

00 

8 . 

0 

8 . 

, 9 

14 

49  : 

00 

8 . 

0 

8. 

9 

14 

38 

30 

8. 

0 

9. 

, 0 

14 

50  : 

00 

8. 

0 

8 . 

9 

14 

39 

00 

8. 

0 

9. 

, 0 

14 

51: 

00 

8 , 

0 

8. 

9 

14 

: 39 

: 30  • 

- Dump 

No. 

IB 

14  : 

39 

: 30 

8. 

0 

8. 

, 9 

14 

55  ; 

: 00 

8 . 

0 

8 . 

7 

14: 

40 

: 00 

8. 

0 

9. 

, 0 

15 

00  : 

: 00 

8. 

0 

8 . 

8 

14: 

40 

: 30 

8. 

0 

8. 

,9 

15 

10: 

: 00 

8 . 

0 

8 . 

7 

14  : 

41 

: 30 

8. 

0 

9. 

. 0 
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Pre-  and  post-disposal  data  for  Elliott  Bay  Dump 
No.  2 are  presented  in  Table  415.  At  16:50,  a pre-dump 
profile  showed  a temperature  of  8.0°C  from  top  to  bottom. 
Dissolved  oxygen  ranged  from  10.2  mg/1  at  the  surface  to 

9.0  mg/1  at  the  bottom.  The  post-disposal  profile  (17:30) 
showed  a temperature  range  from  8.0  to  8.5°C.  The  D.O. 
range  (9.2  to  8.8  mg/1)  was  definitely  lower  than  the  pre- 
disposal  range.  Figure  130  presents  the  profiles  of  D.O. 
data.  The  post-disposal  plot  shows  a slight  (approximately 

1.0  to  0.2  mg/1)  decrease  in  oxygen  concentration.  Consider- 
ing the  high  initial  D.O.  levels,  the  decrease  is  not  sig- 
nigicant  to  water  quality.  Figure  131  presents  changes  in 
D.O.  at  60  meters  during  Elliott  Bay  Dump  No.  2.  From  the 
data  presented,  no  lasting  effect  of  disposal  operations  can 
be  detected. 

Heavy  Metals 

Results  of  heavy  metal  analyses  for  samples  taken 
throughout  the  disposal  operation  sampling  period  are  listed 
in  Table  416.  Background  data  taken  just  prior  to  disposal 
showed  no  obvious  trends  in  soluble  metal  concentrations 
with  respect  to  depth.  Iron  levels  were  usually  higher  at 
60  m than  at  1 and  30  m.  Pre-disposal  manganese  concentra- 
tions were  consistently  below  100  yg/1.  The  cadmium  and 
copper  concentrations,  which  varied  little,  were  never  above 
4 yg/1;  nickel  and  lead  concentrations  were  consistently 
below  7 yg/1.  Zinc  levels  fluctuated  somewhat,  ranging  from 
2.9  to  12.9  yg/1.  Mercury  levels  were  below  detection  limits 
(0.005  yg/1)  for  most  samples,  although  concentrations  as 
high  as  0.04  yg/1  were  found. 

The  first  dump  (1A)  occurred  at  14:36:30  and  the 
second  dump  (IB)  occurred  at  14:39:30.  Samples  collected 
during  this  disposal  operation  (Elliott  Bay  Dumps  1A  and  IB) 
showed  no  changes  in  the  concentrations  of  chromium,  cadmium, 
nickel,  lead,  copper,  and  arsenic.  Soluble  iron  increased 
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Table  415 


Pre  - 

and  P 

ost-Disposal  Water 

Column  Measurement s : 

Elliott  Bav 

Dump  No.  2 

Depth 

(m) 

Pre- 

Disposal  (16:50) 

Post-Disposal 

(17:30) 

Temp 

(°C) 

D.O. 

(mg/1 ) 

Temp 

(°C) 

D.O. 

(mg/1 ) 

1 

8.0 

10.2 

8 . 0 

9 . 1 

5 

8.0 

9 . 9 

8 . 5 

9 . 0 

10 

8 . 0 

9.8 

8 . 5 

9 . 2 

15 

8.0 

9.6 

8.5 

9.2 

20 

8.0 

9.6 

8 . 5 

9.1 

25 

8.0 

9.5 

8 . 5 

9 . 0 

30 

8.0 

9.5 

8.5 

8.9 

35 

8 . 0 

9.4 

8 . 0 

8 . 9 

40 

8 . 0 

9.3 

8 . 5 

8 . 9 

45 

8.0 

9 . 3 

8 . 0 

8.8 

50 

8.0 

9.2 

8 . 0 

8 . 8 

55 

8.0 

9.2 

8 . 5 

8 . 8 

60 

8.0 

9.0 

8 . 0 

8.8 

as  a result  of  disposal;  concentrations  as  high  as  328  ug/1 
were  observed  at  1 meter  and  as  high  as  438  and  911  ug/1  at 
30  and  60  meters,  respectively.  The  release  of  manganese 
was  also  indicated,  with  concentrations  in  the  water  column 
increasing  20  to  40  ug/1  (to  near  100  ug/1).  As  with  iron, 
the  manganese  release  was  more  pronounced  at  the  lower  depths. 

Concentrations  of  soluble  iron  and  manganese  re- 
turned to  pre-disposal  levels  within  minutes  of  Dumps  1A  and 
IB.  Higher  levels  did  not  persist  in  the  sampling  area  for 
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Soluble  Heavy  Metal  Concentrations;  Llliott  Bay  Disposal  ;.eratl- 
Material  bredged  frorr.  Duwaiaish  River 
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CM  CN  CN  CNJ  CN 


CNCNCNCNCSICNJCNCN 


CM 


Time  Depth 

(hr: min : sec)  (m) 


(Continued) 


Lie  ulF.  (Continued  ) 


over  seven  minutes,  although  about  eight  minutes  after  the 
dumps  there  was  a slight  increase  (to  0.055  yg/1)  in  soluble 
mercury  at  30  and  60  meters.  Elevated  mercury  concentrations 
dissipated  after  about  30  minutes. 

Elliott  Bay  Dumps  Nos.  2A  and  2B  occurred  at 
16:47:55  and  16:50:20,  respectively.  No  changes  in  the  con- 
centrations of  cadmium,  chromium,  nickel,  lead,  copper,  mer- 
cury, and  arsenic  were  observed  for  the  samples  collected 
during  these  disposal  operations.  Only  five  samples  at 
various  depths  showed  concentrations  of  these  metals  that 
were  above  the  pre-disposal  levels.  Manganese  release  was 
more  pronounced  in  these  dumps  than  in  Dumps  1A  and  IB;  con- 
centrations increased  at  all  three  depths,  with  the  maximum 
139  ug/1.  Both  manganese  and  iron  levels  returned  to  pre- 
disposal concentrations  by  seven  minutes  after  disposal  ceased.  V' 

The  delayed  release  of  mercury  observed  in  the 
samples  from  the  first  disposal  operation  was  also  detected 
for  the  second  disposal.  Concen trat ions  as  high  as  0.235 
pg/1  were  observed  in  the  60  m samples  collected  about  8 
minutes  after  Dump  No.  2B.  The  elevated  mercury  levels  per- 
sisted for  only  three  minutes. 

The  4.5  hours  of  continuous  monitoring  in  connec- 
tion with  the  two  Elliott  Bay  disposal  operations  allowed 
a thorough  examination  of  the  resultant  changes  in  heavy  metal 
concentrat ions  in  the  water  column.  Increases  in  soluble 
manganese,  iron  and  mercury  (delayed)  were  observed  in  both 
disposal  operat ions . Increases  in  iron  and  mercury  are 
readily  apparent  from  the  data  in  Table  416.  The  manganese 
increases,  not  quite  as  dramatic,  are  more  clearly  discerned 
in  Figures  132  through  134. 

As  has  been  seen,  elutriate  tests  on  dredged 
Duwamish  River  sediments  and  water  predicted  the  observed  re- 
lease of  manganese  and  iron,  as  well  as  the  observed  sorption 
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of  zinc.  They  did  not,  however,  show  the  mercury  release  seen 
from  the  samples  collected  during  actual  disposal  of  Duwamish 
River  sediment, 
i t r ~en  Compounds 

Results  of  ammonium  and  nitrate  analyses  of  the 
water  samples  collected  before,  during  and  after  disposal, 
appear  in  Table  ^17.  Prior  to  disposal,  ammonium  concen- 
ti  it ions  were  below  0.05  mg  N/l  at  all  times  and  depths. 

Nitrate  concentrations,  however,  were  extremely  variable, 
ranging  from  0.31  to  0.49  mg  N/l  at  the  three  depths  monitored. 
No  iiscernible  pattern  with  respect  to  depth  could  be  observed. 

Elliott  Bay  Dump  No.  1A  did  not  affect  ammonium 
concentrations,  although  nitrate  concentrations  increased  in 
the  bottom  water  for  15  seconds  after  the  dump.  Following 
Elliott  Bay  Dump  No.  IB,  ammonium  was  released  in  the  bottom 
water,  but  nitrate  decreased.  However,  the  concentrations 
of  both  returned  to  pre-disposal  levels  within  one  minute  of 
the  increase  . 

During  the  nearly  two-hour  period  between  the  first 
and  second  dumps,  ammonium  concentrations  in  the  bottom  water 
occasionally  rose  above  0.05  mg  N/l.  Nitrate  concentrations 
during  this  period  ranged  between  0.33  and  0,49  mg  N/l. 

Within  one  minute  of  Elliott  Bay  Dump  No.  2A 
ammonium  increased  and  nitrate  decreased  in  the  bottom  water. 
From  Table  41?  it  appears  that  the  bottom  turbid  plume 
took  more  than  30  seconds  to  reach  the  sampling  point.  A 
significantly  high  ammonium  concentration  was  observed  in  the 
surface  water  immediately  following  Dump  No.  2B , and  nitrate 
was  again  found  to  decrease.  However,  concentrations  of  both 
shortly  returned  to  ambient  levels. 

The  only  ammonium  concentrations  higher  than  0.05 
mg  N/l  in  the  post-disposal  water  samples  were  in  two  bottom 
water  samples.  Nitrate  concentrations  during  this  period 
ranged  between  0.23  and  0.44  mg  N/l;  there  was  no  observable 
pattern  with  respect  to  depth. 
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Table  417 


Ammonium  and  Nitrate  Concentrations:  Elliott  Bay  Disposal 
Operations,  Material  Dredged  from  Duwamish  River 


Time 

(hr :min :sec) 

Depth 

(m) 

Ammonium 
(mg  N/l) 

Nitra 
(mg  N/ 

13 

07  : 

30 

1 

< 

0.05 

0 , 

. 36 

13 

08 

00 

30 

< 

0.05 

0 . 

. 34 

13 

08 

30 

60 

< 

0.05 

0 , 

.41 

13 

54 

00 

1 

< 

0.05 

0. 

.49 

13 

55 

00 

30 

< 

0 . 05 

0 . 

. 37 

13 

55 

50 

60 

< 

0.05 

0, 

. 31 

14 

06 

00 

1 

< 

0 .05 

0 , 

. 36 

14 

07 

00 

30 

< 

0.05 

0 . 

,39 

14 

07 

45 

60 

< 

0 . 05 

0 , 

.37 

14 

20 

30 

1 

< 

0.05 

0 , 

.37 

14 

21 

00 

30 

< 

0.05 

0 , 

.37 

14 

21 

30 

60 

< 

0 .05 

0 . 

.34 

14 

25 

00 

1 

< 

0.05 

0. 

.35 

14 

25 

30 

30 

< 

0.05 

0 . 

,40 

14 

25 

50 

60 

< 

0.05 

0 , 

.48 

14 

30 

00 

1 

< 

0.05 

0 , 

. 38 

15 

30 

30 

30 

< 

0.05 

0 , 

. 39 

14 

31 

00 

60 

< 

0 .05 

0 . 

.35 

14 

34 

30 

1 

< 

0.05 

0 . 

.40 

14 

35 

00 

30 

< 

0.05 

0, 

.35 

14 

35 

15 

60 

< 

0.05 

0 , 

.34 

14 

36 

00 

1 

< 

0.05 

0 , 

.49 

14 

36 

30 

30 

< 

0 . 05 

0. 

.41 

14  ; 

: 36  : 30  - 

Dump  No.  1A 

occurred . 

14 

: 36 

: 4 5 

60 

< 

0.05 

0. 

.64 

14 

: 37 

: 15 

1 

< 

0.05 

0 . 

.48 

(Continued) 
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Table  417  (Continued) 


Time 

(hr :min : sec ) 

Dept  h 
(m) 

Ammon i urn 
( mg  N / 1 ) 

N L t t\i t e 
(mg  N/ l ) 

14 

: 37 

30 

30 

< 

0. 

0 5 

0 

3 8 

14 

37 

45 

60 

0 

05 

0 

4 0 

14 

38 

15 

l 

V 

0 

05 

0. 

3 8 

14 

3 8 

30 

30 

< 

0. 

0 5 

0 

34 

14 

3 8 

4b 

60 

0 

0 5 

0 

37 

14 

39 

30 

l 

s. 

0 

0 5 

0 

3 5 

14 : 39  : 30 

- Pump  No.  IB  ooourred. 

14 

3 9 

45 

30 

V 

0 

0 5 

0 

39 

14 

40 

00 

6 0 

0 

1 7 

0 

.'i< 

14 

4 0 

15 

t 

V 

0 

0 5 

0 

3 8 

14 

4 0 

4 0 

30 

V 

0 

0 5 

0 

3 5 

1 4 

41 

00 

6 0 

V 

0 

0 5 

0 . 

3 5 

1 4 

4 1 

1 5 

1 

v 

0. 

0 5 

0 . 

3 / 

14 

4 1 

30 

30 

v 

0 . 

0 5 

0 . 

4 0 

14 

4 l 

4 5 

60 

v 

0 . 

0 5 

0 . 

3 5 

14 

4.’ 

30 

1 

V 

0 . 

0 5 

0 . 

3 5 

14 

4 2 

4 5 

60 

0 . 

0 6 

0 . 

4 3 

1 4 

4 3 

00 

3 0 

V 

0 . 

0 5 

0 . 

4 0 

1 4 

4 3 

4 5 

3 0 

V 

0 . 

0 5 

0 . 

3 7 

14 

4 4 

00 

6 0 

0 . 

0 5 

0 . 

«' 

14 

4 4 

15 

3 0 

V 

0 . 

0 5 

0 . 

3 5 

14 

4 4 

4 5 

6 0 

0 . 

06 

0 . 

4 4 

14 

4 S 

0 5 

3 0 

V 

0 . 

0 5 

0 . 

4 0 

1 4 

4 5 

.’ll 

6 0 

0 . 

09 

0 . 

4 4 

1 4 

4 5 

4 0 

3 0 

V 

1' . 

0 5 

0 . 

14 

4 !< 

00 

6 0 

v 

0 . 

0 5 

0 . 

3 5 

14 

4 8 

.’0 

3 0 

0 . 

0 5 

0 . 

4 3 

1 4 

4 C 

3 0 

6 0 

v 

0 . 

05 

0 . 

4 .' 

1 4 

4 7 

00 

3 0 

V 

0 . 

0 5 

0 . 

4 0 

14 

4 7 

1 5 

6 0 

V 

0 . 

05 

0 . 

3 ’ 

14 

4 7 

3 0 

3 0 

V 

0 . 

0 5 

0 . 

4 3 

14 

4 8 

00 

6 0 

V 

0 . 

0 5 

0 . 

4 0 

>i  1 l 


laDle  ‘i  i / (.Continued^ 


'1'  i me 

( hr :min : see ) 

Depth 

(m) 

Ammon i urn 
(mg  N / 1 ) 

N i t rat e 
(mg  N / 3 ) 

14  : 48  : 00 

60 

< 0.05 

0.40 

14  : 48  : 30 

1 lit 

< 0.05 

0 . 39 

14:48:50 

30 

< 0 . U 5 

0 . 36 

14:49:05 

60 

< 0.05 

0.40 

14:50:  0 0 

1 

< 0.05 

0.4  9 

14 : 5 0 : 30 

30 

< 0.05 

0.4  2 

14 : 50 : 45 

6 0 

< 0.0  5 

0.36 

14:55:00 

1 

< 0.05 

0.38 

14:55:20 

3 0 

< 0.05 

0.38 

14  : 5 5 : 4 5 

60 

0.07 

0.35 

15 : 00 : 00 

1 

<0.05 

0.35 

15  : 0 0 : 2 0 

30 

< 0.05 

0.33 

15:00:40 

60 

< 0.05 

0 . 38 

15:14:45 

1 

< 0.05 

0.40 

15:15:15 

3 0 

< 0.05 

0 . 4 2 

15 : 15  : 30 

6 0 

< 0.05 

0.34 

15:30  : 00 

1 

<0.05 

0 . 39 

15:30:15 

3 0 

<0.05 

0.36 

15:30:50 

6 0 

<0.05 

0 . 34 

15:50:20 

6 0 

< 0.05 

0 . 34 

16 : 02 : 00 

1 

< 0.05 

0.36 

16:02  : 4 5 

30 

< 0.05 

0 .37 

16:03:15 

6 0 

< 0.0  5 

0.36 

16:15:30 

1 

< 0.05 

0.36 

16:16:45 

30 

< 0.05 

0.40 

•16  : 18  : 30 

6 0 

< 0.05 

0.39 

16  : 30  : 00 

60 

<0.05 

0.41 

16  : 35:45 

1 

<0.05 

0.49 

16:36:15 

30 

< 0.05 

0.46 

16:36:40 

60 

< 0.05 

0.40 

16:40:00 

1 

< 0.05 

0.44 

16:40:15 

30 

< 0.05 

0.41 

(Continued) 
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Table  l»  1 7 (Continued) 


l’iine  Depth 

( hr : min : sec ) (m) 

Ammon i urn 
( mg  N / 1 ) 

N it  rate 
(mg  N/l) 

1 6 : i*  0 : 4 0 

60 

< 0.05 

0.41 

16 : 44  :45 

1 

< 0.0  5 

0 . 39 

16:45:  0 0 

30 

< 0.0  5 

0.43 

16:45:15 

6 0 

< 0.05 

0.42 

16:45:45 

1 

< 0.05 

0.42 

16:4 6 : 0 0 

3 0 

< 0.05 

0.35 

16:46:20 

6 0 

< 0.05 

0 . 34 

16:4 6 : 4 5 

1 

< 0.05 

0 . 37 

16  : 4 7 : 00 

30 

< 0.0  5 

0 . 34 

16:47:10 

60 

< 0.05 

0 . 34 

1 6 : 4 7 : 4 0 

1 

<0.05 

0 . 3 6 

16:47:55 

30 

< 0.05 

0.35 

16:47:55  - Dump 

No. 

2 A 

occurred . 

16:48:15 

60 

< 0.05 

0.34 

16:48:  30 

30 

< 0.05 

0.40 

16:48:45 

30 

< 0.05 

0 . 36 

16  : 4 9 : 0 0 

6 0 

0.20 

0.28 

16:49:45 

1 

< 0.0  5 

0 . 36 

16:50:15 

60 

0.08 

0.30 

16:50:20  - Dump 

No . 

2B 

occurred . 

16 : 50 : 30 

1 

2.64 

0.23 

16:50:45 

60 

< 0.05 

0.36 

16:51:  30 

1 

< 0.0  5 

0 . 36 

16:51:45 

3 0 

< 0.0  5 

0.33 

16:52:05 

6 0 

< 0.05 

0 . 36 

16:52:20 

1 

< 0.0  5 

0.40 

16:52:50 

30 

< 0.0  5 

0.33 

16:53:10 

60 

<0.05 

0.42 

16 : 5 3 : 30 

1 

< 0.0  5 

0.4  3 

16:53:45 

30 

< 0.05 

0.44 

16 : 54 : 00 

60 

< 0.05 

0.39 

16 : 54  : 25 

1 

< 0.05 

0.41 

16 : 54  : 40 

30 

< 0.0  5 

0.43 

(Continued) 
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Table  417  ( Concluded) 


Time 

( hr :min : sec ) 

Depth 

(m) 

Ammonium 
(m«  N/l) 

Nitrate 
( mg  N / 1 ) 

16:55:00 

60 

< 0.05 

0.23 

16:55:20 

1 

<0.05 

0.34 

16:55:40 

30 

< 0.05 

0.44 

16:56  : 00 

60 

0.09 

0.42 

16:56:15 

1 

<0.05 

0 .31 

16:56:30 

30 

< 0.0  5 

0 . 34 

16  -.57:00 

60 

0 . 06 

0.38 

16:57  : 20 

1 

< 0.05 

0.35 

16:57 : 35 

30 

<0.05 

0.43 

16:58:10 

60 

< 0.0  5 

0.41 

16  .-58:15 

1 

<0.05 

0.33 

16 : 58  : 30 

1 

< 0.05 

0 . 4 3 

16:58: 30 

30 

< 0.05 

0 . 31 

17:00:30 

60 

< 0.05 

0 . 31 

17:00: 30 

1 

< 0.05 

0.29 

17 ; 00 : 30 

30 

<0.05 

0.33 

17:03: 00 

60 

< 0.05 

0.33 

17 ; 1 0 : 00 

1 

<0.05 

0.31 

17:10:00 

30 

< 0.05 

0.35 

17:10:00 

60 

<0.05 

0.31 

17:20:00 

1 

<0.05 

0.3  2 

17 : 20 :00 

60 

< 0.0  5 

0.33 

17:21:00 

30 

< 0.0  5 

0.31 

17:31:30 

1 

< 0.0  5 

0.41 

17:31 : 30 

30 

< 0.0  5 

0.32 

In  order  to  minimize  sample  processing  time  for 
organic  N analysis  composite  disposal  operation  samples  were 
prepared  by  mixing  equal  volumes  from  two  different  water 
samples.  Every  sampling  depth  and  every  sampling  period 
(i.e.,  before,  during  and  after  disposal)  was  represented  by 
at  least  one  composite  sample.  To  calculate  organic  N con- 
centrations of  the  composite  samples,  individual  sample 
ammonium  concentrations  below  0.05  mg  N/l  were  considered. 

In  the  two  samples  with  the  ammonium  concentration  higher 
than  0.05  mg  N/l,  ammonium  was  determined  separately  in  the 
composite  samples . 

Organic  N data  are  presented  in  Table  418,  from 
which  it  can  be  observed  that  organic  N concentrations  were 
much  higher  in  the  water  samples  collected  prior  to  dis- 
posal than  in  those  collected  during  and  after  disposal.  Con 
centrations  in  the  bottom  water  were  a little  higher  than 
those  in  the  overlying  water.  It  appears  that  overall, 
organic  nitrogen  decreased  as  a result  of  disposal  opera- 
t ions  . 

Phosphorus  Compounds 

The  mean  soluble  orthophosphate  concentrations 
during  the  4.5-hour  monitoring  of  the  Elliott  Bay  disposal 
operations  can  be  found  in  Table  419.  In  general,  it 
appeared  that  the  ambient  water  had  similar  soluble  ortho- 
phosphate concentrations  at  all  three  depths  monitored. 
Pre-disposal  concentrations  were  generally  between  0.085  and 
0.097  mg  P/1.  There  appeared  to  be  an  increase  in  concentra- 
tion near  the  bottom  immediately  following  Elliott  Bay  Dump 
No.  1A,  after  which  the  concentration  there  began  to  decrease 
This  decline  appears  to  have  continued  until  the  second  barge 
dumped  its  load  (Dump  No.  IB),  at  which  time  the  concentra- 
tion rose  and  fluctuated  between  0.040  and  0.066  mg  P/1. 
Within  55  minutes  of  Dump  No.  1A,  soluble  ortho  P near  the 
bottom  appears  to  have  returned  to,  and  stabilized  at,  pre- 
disposal levels. 


Table  418 

Organic  Nitrogen  Concentrations:  Composite  Water  Samples 
Collected  During  Elliott  Bay  Disposal  Operations 


Composites 

Times 

Depth 

Organic  N 

(mg  N/l) 

(hr :min : sec) 

(m) 

X 

SD 

Pre-Disposal : 

13:08:00 

13 : 55  : 00 

30 

0.25 

0.08 

13:08:30 

13:55:50 

60 

0.29 

0.08 

Dump  No  . 1 : 

14:42:30 

14:48:30 

1 

< 0.05 

0.06 

14:44:15 

14:45:40 

30 

0.13 

0.03 

14  ; 44  ; 0 0 
14:45:20 

60 

0.20 

0.06 

16:15  : 3 0 
16:44:45 

1 

0.07 

0 

16 : 30  : 00 

16  : 40  -.40 

60 

0.07 

0 

Dump  No . 2 : 

16  : 57  : 2 0 

16 : 58  : 15 

1 

0.05 

0.03 

16:55:40 

16  :57  : 3 5 

30 

< 0.05 

0/0 

16 : 55  : 00 

16  : 56  : 00 

60 

0.09 

0.03 

Post-Disposal : 

17:10:00 

30 

0.05 

0.03 

17 : 00  : 00 
17:03:30 

60 

0 .17 

0.03 

Mean  and  standard  deviation  calculated  from  duplicate  analyses. 
*Water  samples  collected  at  designated  times  were  combined  1:1 
by  volume  and  analyzed  for  organic  N. 
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Table  419 


Soluble  Orthophosphate  Concentrations:  Elliott  Bay  Disposal 
Operations  Dredged  Material  from  Duwamish  River 


Time 

(hr :min : sec ) 

Depth 

(m) 

Soluble 

I 

Ortho  P (mg  P/1) 
SD 

13:07:30 

1 

0.094 

0 

13:08:00 

30 

0 . 088 

0.001 

13:08: 30 

60 

0.062 

0.005 

13 : 54 : 00 

1 

0.092 

0.001 

13:55:00 

30 

0.088 

0 

13:55:50 

60 

0.086 

0 

14:06: 00 

1 

0.097 

0.001 

14 : 07 : 00 

30 

0.097 

0.001 

14 : 07  :45 

60 

0.090 

0.001 

14:20:30 

1 

0.090 

0.002 

14:21:00 

30 

0.104 

0.001 

14 : 21: 30 

60 

0.092 

0 

14:25:00 

1 

0.096 

0 

14:25: 30 

30 

0.090 

0.002 

14:25: 50 

60 

0.090 

0 

14:30:00 

1 

0.088 

0.001 

14:30: 30 

30 

0.096 

0 

14:31:00 

60 

0.094 

0.001 

14 : 34: 30 

1 

0.088 

0 

14:35: 00 

30 

0.096 

0.001 

14:35:15 

60 

0.091 

0 

14:36: 00 

1 

0.090 

0 

14:36:30 

30 

0.096 

0 

(.Continued) 
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Table  419  (.Continued) 


Time  Depth  

(hr:min:sec)  (m)  X SD 


14  ; 36  : 30 

- Dump  No.  1A 

occurred . 

14:36:45 

60 

0.12 

0 

14:37:15 

1 

0.091 

0 

14:37:30 

30 

0.091 

0 

14:37:45 

60 

0.092 

0 

14:38: 15 

1 

0.080 

0 

14:38:30 

30 

0.088 

0.001 

14:38:45 

60 

0.080 

0 

14:39:30 

1 

0.082 

0 

14:39: 30 

- Dump  No . IB 

occurred . 

14:39:45 

30 

0.076 

0 

14:40: 00 

60 

0.028 

0 

14:40:15 

1 

0.084 

0 

14:40:40 

30 

0.088 

0 

14:41:00 

60 

0.059 

0 

14:41:15 

1 

0.10 

0 

14:41: 30 

30 

0.080 

0.001 

14:41:45 

60 

0.066 

0 

14:42: 30 

1 

0.10 

0 

14:42:45 

60 

0-059 

0 

14:43:00 

30 

0.094 

0 

14:43:45 

30 

0.090 

0 

14:44 : 00 

60 

0.055 

0.002 

14:44:15 

30 

0.094 

0.001 

14:44:45 

60 

0.042 

0.001 

14:45:05 

30 

0.078 

0.001 

14:45:20 

60 

0.039 

0 

(Continued) 
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Table  419  (Continued) 


Time  Depth  Soluble  Ortho  P (ms  P/1) 

(hr:min:sec)  (m)  X SD 


14 

45 

4 0 

30 

0.078 

0. 

. 001 

14 

46 

00 

60 

0.042 

0 

14 

46 

20 

30 

0 .098 

0 

14 

46 

30 

60 

0.063 

0 

14 

47 

00 

30 

0.069 

0 

14 

47 

15 

60 

0.047 

0. 

. 001 

14 

47 

30 

30 

0.075 

0 

14 

48 

00 

60 

0 .053 

0. 

. 001 

14 

48 

30 

1 

0.078 

0. 

.001 

14 

48 

50 

30 

0.  076 

0 

14 

49 

05 

60 

0.042 

0 

14 

50 

00 

1 

0.072 

0. 

.001 

14 

50 

30 

30 

0.078 

0. 

. 001 

14 

50 

45 

60 

0.  044 

0. 

, 001 

14 

55 

00 

1 

0.098 

0. 

, 002 

14 

55 

20 

30 

0.079 

0 

14 

55 

45 

60 

0.042 

0 

15 

00 

00 

1 

0.076 

0. 

. 001 

15 

00 

20 

30 

0.078 

0. 

001 

15 

00 

40 

60 

0.051 

0 

15 

14 

45 

1 

0.082 

0 

15 

15 

15 

30 

0.085 

0 

15 

15 

30 

60 

0.064 

0. 

001 

15 

30 

00 

1 

0.096 

0. 

001 

15 

30 

15 

30 

0.093 

0. 

001 

15 

30 

50 

60 

0.088 

0 

(.Continued) 
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Table  419 


(Continued) 


Time 

(hr:min : sec) 

Depth 

(m) 

Soluble 

X 

Ortho  P (me  P/1) 
SD 

15:50:20 

60 

0.094 

0.001 

16:02:00 

1 

0.098 

0 

16  : 02:45 

30 

0.099 

0 

16:03: 15 

60 

0.095 

0 

16:15:30 

1 

0.080 

0.001 

16:16:45 

30 

0.080 

0 

16:18: 30 

60 

0.080 

0 

16:30:00 

60 

0.080 

0.001 

16:35:45 

1 

0.080 

0.001 

16:36: 15 

30 

0.084 

0.001 

16:36:40 

60 

0 .081 

0.001 

16:40:00 

1 

0.083 

0 

16:40:15 

30 

0.080 

.0.001 

16:40:40 

60 

0.089 

0.003 

16:44:45 

1 

0.083 

0 

16:45:00 

30 

0.082 

0.001 

16:45:15 

60 

0.10 

0 

16:45:45 

1 

0.084 

0.001 

16:46:00 

30 

0.087 

0 

16:46:20 

60 

0.083 

0 

16:46:45 

1 

0.091 

0 

16:47:00 

30 

0.043 

0 

16:47:10 

60 

0 .082 

0.001 

16:47:40 

1 

0.072 

0.001 

16:47:55 

30 

0.087 

0.001 

16:47:55  - Dump  No.  2 A occurred. 


(Continued) 
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Table  4 1 9 (Continued) 


Time  Depth  Soluble  Ortho  P (mg  P/1) 


(hr: 

min : sec ) 

(m) 

X 

SD 

16 

4 8 

15 

60 

0 . 

.0  86 

0 . 

001 

16 

48 

30 

30 

0. 

087 

0. 

001 

16 

48 

45 

3 0 

0. 

074 

0. 

002 

16  : 

49 

00 

60 

0. 

028 

0 

16 

4 9 

45 

1 

0. 

075 

0 

16  : 

50: 

15 

60 

0. 

030 

0 

16:50:20  - Pump  No. 

2B  oci 

.'urred  . 

16 

50 

30 

1 

0. 

020 

0 

16 

50 

45 

60 

0. 

041 

0 

16 

51 

30 

1 

0. 

071 

0 

16 

51 

45 

30 

0. 

084 

0. 

001 

16 

5 2 

05 

60 

0. 

064 

0. 

001 

16 

52 

20 

1 

0. 

057 

0. 

001 

16 

52 

50 

30 

0. 

088 

0. 

001 

16 

53 

10 

60 

0. 

074 

0. 

001 

16 

53 

30 

1 

0. 

073 

0 

16 

53 

45 

3 0 

0. 

096 

0. 

001 

16 

54 

00 

60 

0. 

093 

0 

16 

5 4 

hO 

cn 

1 

0. 

084 

0 

16 

54 

40 

30 

0. 

095 

0. 

001 

16 

55 

00 

60 

0. 

028 

0. 

001 

16 

55 

20 

1 

0. 

096 

0. 

001 

16 

55 

40 

30 

0. 

10 

0. 

001 

16 

56 

00 

60 

0. 

040 

0 

16 

56 

15 

1 

0. 

095 

0 

16 

56 

36 

30 

0. 

092 

0. 

001 

16 

57 

00 

60 

0. 

040 

0 

(.Continued) 
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Table  419  (Concluded) 


Time 

( hr : min : sec ) 

Depth 

(m) 

Soluble  _Qr 
X 

tho  P (me.  P/1) 

SD 

16:57:20 

1 

0. 092 

0.001 

16:57: 35 

30 

0.094 

0.001 

16:58: 10 

60 

0.083 

0 

16:58:15 

1 

0 . 094 

0 

16:58:30 

1 

0.084 

0.001 

16:58:30 

30 

0.086 

0 

17:00:30 

60 

0.040 

0.001 

17:00: 30 

1 

0.081 

0 

17:00: 30 

30 

0.081 

0 

17 : 00 : 30 

60 

0.064 

0.001 

17:10:00 

1 

0.081 

0.001 

17 : 10 : 00 

30 

0 . 094 

0.001 

17:10: 00 

60 

0.  076 

0.001 

17:20: 00 

1 

0.  10 

0.001 

17:20: 00 

60 

0.061 

0 

17:21:00 

3 0 

0 . 089 

0 

17:31: 30 

1 

0.085 

0.001 

17 : 31:30 

3 0 

0 . 081 

0 

Mean  and  standard  deviation  calculated  from  duplicate  analyses 
of  one  sample. 
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Both  .-iirMOt’  md  mid-depth  soluble  orthophosphate 


ncen  t ra  t ion  ...  In  regular  pa  1 1 rn  I I lo  w Lng  I 1 i - ' 1 t 

Bay  ' No . i A . rhey  flu  tuat<  : betwe  n 0.10  md  0.072 
mg  1 1 o the  irface , md  between  0 . 17  md  . ’ ■ : mg  { 1 


at  mi 

1-depth . Concentration 

at  the  surfa 

C6  vi 

nd  mid -depth 

a 1 s o . 

appeared  to  have  stabilic 

ed  it  imb  lent 

vels  within 

about 

55  minutes,  o',  the  first 

set  ot  dumps 

* 

In  the  bottom  water 

; . d c re  a s ed 

ort 

hophosphate 

conce 

ntrations  were  found  loll 

owing  Pumps 

: >i ' ' : : . 

1A  and  LB. 

Abou  t 

■ minut  iftei  li  po  i 

1 concentrat 

' 

at  all  three 

depth 

s appear  to  have  returned 

to  ambient 

love 

Is  (0.284  to 

) .091 

mg  1 ) . rhe  :oncentra1 

ions  at  all 

de pt hs  me a sured 

le  : ■ i : t ipproxin  itely  ' . ' : mg  1 and  i £m. lined  < : t ab<  il 
■ h i ’ vel  mt  i the  sec  on  l series  d :.  sm^  began , 

Colub  1 <■  orthophosphate  concent  rat  ions  appeared  to 
fluctuate  somewhat  (most  not ic  Ly  at  mid-depth) 
just  prior  to  the  second  set  of  dumps.  This  decrease  may 
have  been  caused  by  leakage  >i  Iredged  material  from  the 
. s ges  as  they  were  preparing  to  dump  their  load.  rhe  sur- 
face concentrat  ions  of  soluble  ortho  P decreased  to  0.072 
mg  F'l  at  about  the  time  of  Plliott  Bay  Dump  No.  2A  and 
decreased  to  0.22  mg  P l immediately  following  Pump  2B. 

They  then  rose  steadily  to  ambient  (0.096  mg  P/1)  and  fluctu- 
ated between  0.08  and  0.10  mg  P/1  for  the  duration  of  the 
monitoring  period. 

Concentrations  at  mid-depth  fluctuated  generally 
between  0.08  mg  P/1  and  0.10  mg  P/1  during  the  second  set  of 
dumps.  Following  Pump  2A,  until  the  end  of  monitoring,  the 
soluble  ortho  I'  near  the  bottom  showed  three  pulses  of  de- 
creased concentration,  the  first  two  to  0.028  mg  F'l,  the 
third  to  0.040  mg  P/1,  rising  to  ambient  levels  in  between. 
Only  the  soluble  ortho  P concentrations  near  the  bottom  had 
not  returned  to  ambient  levels  by  the  time  monitoring  ceased . 
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There  appear  to  have  been  some  correlations  between 
soluble  orthophosphate  concentration  and  percent  light  trans- 
mission (Figures  122  through  126),  during  the  first  set  of 
Elliott  Bay  dumps.  As  the  percent  light  transmission  at  the 
surface  decreased  following  Dump  No.  IB,  the  concentration  of 
soluble  ortho  P increased.  As  the  percent  light  transmission 
decreased  near  the  bottom  during  this  set  of  dumps,  soluble 
ortho  P concentrations  also  decreased.  Although  the  percent 
light  transmission  near  the  bottom  had  returned  to  ambient 
levels  within  10  minutes  of  Dump  No.  IB,  the  soluble  ortho  P 
concentrations  remained  below  ambient  levels  until  nearly 
one  hour  after  the  dump.  During  Dumps  2A  and  2B,  the  concen- 
trations of  soluble  ortho  P increased  at  mid-depth  as  the 
percent  light  transmission  decreased.  In  the  near  bottom 
waters,  there  was  a decrease  in  soluble  ortho  P before  any 
decrease  in  percent  light  transmission,  but  the  second  and 
third  pulses  of  decreased  concentrations  coincided  with  de- 
creases in  percent  light  transmission. 

Data  from  Elliott  Bay  disposal  operations  show  that 
the  two  sets  of  dumps  had  some  different  effects  on  soluble 
orthophosphate  concentrations  in  the  water  column.  After 
Dumps  No.  ^A  and  IB,  surface  soluble  ortho  P fluctuated  and 
decreased  to  0,072  mg  P/1,  although  it  generally  stayed 
within  0.01  mg  P/1  of  the  ambient  concentrations.  By  con- 
trast, after  the  second  set  of  dumps,  the  concentration  de- 
crease was  more  immediate  and  more  pronounced  (to  0.02  mg  P/1). 
Moreover,  the  soluble  ortho  P in  the  bottom  water  following 
Dumps  1A  and  IB  appears  to  have  remained  at  a depressed 
level  for  nearly  50  minutes  before  returning  to  ambient  con- 
centrations. The  decreases  in  concentration  in  bottom  waters 
following  the  last  two  dumps  were  more  erratic;  decreases  to 
0.03  mg  P/1  were  followed  by  increases  to  ambient  levels. 

A number  of  unfiltered  water  samples  collected 
during  different  phases  of  the  Elliott  Bay  disposal  operation 
were  composited  and  analyzed  for  total  phosphorus.  Mean 
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concentrations  found  are  presented  in  Table  ii2fl.  Surface 
water  total  phosphorus  appeared  to  have  increased  between  the 
two  sets  of  dumps.  The  composite  samples  for  Elliott  Bay 
Dump  No.  1 were  from  a period  of  gx^eatly  fluctuating  turbidity 
and  variable  contaminant  concentrations.  In  some  cases,  during 
such  periods,  the  duplicate  samples  collected  (one  to  be 
filtered,  the  other  not)  contained  different  amounts  of  sedi- 
ment. This  fact  helps  explain  why  the  total  P concentration 
during  Dump  No.  1 sometimes  appeared  lower  than  the  soluble 
oi’tho  P taken  during  the  same  period. 

There  was  not  much  change  in  total  phosphorus 
levels  at  mid-depth;  the  total  P content  during  the  disposal 
operations  appear  to  have  decreased  from  ambient  (0.11  mg  P/1) 

to  a low  of  0.061  mg  P/1  during  Dump  No.  2.  The  concentration 
was  somewhat  higher  in  the  post-disposal  samples. 

The  total  phosphorus  found  in  the  near  bottom  waters 
best  demonstrates  the  relationship  between  the  high  turbidity 
and  total  P content.  Maxima  of  0.47  and  0.32  mg  P/1  were  found 
concurrent  with  low  percent  light  transmission  in  the  bottom 
water  found  during  the  dumps.  Between  dumps,  the  total  P was 
below  pre-disposal  concentrations.  In  the  post-disposal  com- 
posite sample  collected  about  15  minutes  after  the  last  dump, 
the  total  P concentration  had  not  returned  to  ambient  levels. 


Orga nic  Com ik -> nnds 


Six  water  samples  collected  during  Elliott  Bay 
disposal  operations  were  analyzed  for  selected  chlorinated 
hydrocarbon  pesticides  and  PCBs . These  samples  represent  the 
water  conditions  before,  during  and  after  disposal.  Data 
for  these  samples  are  presented  in  Table  421. 

The  EC  chromatograms  of  the  six  sample  extracts 
are  illustrated  in  Figures  135  and  136.  Table  422  shows 
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Table  420 

Total  Phosphorus  Concentrations:  Composites*  of  Water 
Samples  Collected  During  Elliott 
Bay  Disposal  Operations 


Composites 

Times 

Depth 

Total  Phosphorus 
(mg  P/1) 

( hr :mi n : sec ) 

( m) 

X 

SD 

Pre-Disposal : 

13:08  ; 00 
13:55:00 

50 

0 .11 

0.007 

13:08:30 

13:55:50 

60 

0.12 

0.005 

Dump  No . 1 : 

14 : 4 2 : 30 
14:48:30 

1 

0 .062 

0.001 

14:44:15 

14:45:40 

30 

0.08 

0.012 

14:44:00 

14  : 4 5 : 2 0 

60 

0 .47 

0.01 

16 : 15 : 30 

16 ; 4 4 : 4 5 

1 

0.08 

0 .017 

16 ; 30  : 00 
16:40:40 

6 0 

0.077 

0.001 

Dump  No . 2 : 

16:57:20 

16  : 55  : 15 

1 

0.097 

0.001 

16  : 5 5 : 40 
16:57:35 

30 

0.061 

0.004 

16:55  : 00 

16 : 56  :00 

6 0 

0.32 

0.015 

(Continued) 
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Table  ii.’O  (Coik 

.eluded  ) 

Compos 

i t os 

Total  Phosi 

'horn:; 

T ime 

Dept  h 

(mg  17  1) 

( hr  : m i n 

: se^ 

) (m) 

X 

SP 

Post-Di 

spori 

al  : 

17  : 10 

: 0 0 

3 0 

0 . 0 8 

0.008 

1 7 : 00 
17:03 

: 00 
: 0 0 

0 0 

0 . 2 0 

0 .009 

Mean  an 

d at 

andard  deviation  ealeu 

la  ted  from  tri; 

'1  i rate 

analyse 

s o t 

one  sample. 

* Wa  ter 

samp 

1 o s c o 1 1 c o 1 c 1 1 at  v i <. ■ s i s, : 

in  1 i\l  t i me  a we  i 

com- 

b i nod 

1 : 1 

by  volume  and  analyzed 

1 or  total  P . 

Table  !iPl 

Water  Sample: 

; Analyzed  lor  Organic 

Concon : rat i ons 

: Elliott 

1 l me 

(hr  :;n  i n rare ) 


Bay  Disposal  uneration 


Samp  1 a 

Pe  : i i’,na  I ion* 


1 7:00  : 8 0 
I ' : .’ll  : Bit 


Pre-D isposa ! 
Turb  is  PI  unu' 
Poa  l - P i a pc  a a 


I'urb  i v 1 PI  time 

(Ml  111) 

Poa  t -Pia.poa.a 

l i'll  III) 


21 


Retention  Time  (mm) 
f Iqure  1 35 


Profile  of  Organic  Residues  on  EC  Chromatograms  Elliott  Bay  Dump  No.  2 
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Table  422 


Relative  Retention  Correlation  Data:**  Elliott 
Bay  Dump  No.  2 Water  Samples,  February  17,  1976 


Peak 

Organic 

Xmm 

Rr 

Number 

Compound 

1 

13 

0.20 

2 

16 

0.24 

3 

21 

0.32 

4 

26 

0.39 

5 

28 

0.41 

6 

31 

0.47 

7 

Lindane* 

37 

0.56 

8 

42 

0.64 

9 

50 

0.76 

10 

60 

0.91 

11 

66 

1.00 

12  ' 

Internal  Standard 
Heptachlor  Epoxide 

95 

1.44 

13 

115 

1.74 

* Compound  identified  on  two  columns. 


the  relative  retention  times  of  the  resolved  peaks.  Examina- 
tion of  the  two  figures  shows  that  almost  all  the  characteris- 
tic peaks  were  present  in  all  the  samples  and  that  the  differ- 
ence is  only  in  the  magnitude  of  peaks. 

Table  423  lists  the  results  of  the  organic 
analysis  for  these  samples.  It  can  be  seen  from  this  table 
that  lindane  was  the  only  pesticide  under  investigation  that 
was  detected  on  two  columns.  PCBs  were  also  present  in  all 
samples  tested.  The  concentration  of  lindane  decreased  to 
0.3  ng/1  in  the  turbid  plume  from  the  first  disposal  operation 
but  increased  to  3.5  ng/1  during  the  second  turbid  plume. 

At  other  times,  the  concentrations  ranged  between  1.3  and 
1.7  ng/1.  The  PCB  concentrations  of  all  samples  were  between 
18.0  and  24.0  ng/1,  except  during  passage  of  the  turbid  plume 
from  Dump  No.  1,  when  PCBs  increased  to  36.0  ng/1.  This 


930 


Table  42 


i 


: it.i  t"i-  Crganic  Compounds : Elliott  B.iv  Disposal  Operations 


Dump  * Dump  No  . 2 * 

Second  Post  Post 

! >rairu  ' < ■ i-  Pre-  : irbid  Between  lrl  id  Pi  s-os.,:  Disposal 

Disposal  Flume  Disposals  Plume  ( 0 0 m)  (1  m) 


'hi . '!■  i nut  od 

Hydrocarbon.; : (ng/1) 

(ng/ 1 ) 

(ng/1  ) 

(ng/1) 

( ng  / 1 ) 

(ng/1) 

Aldrin  < 

0.6 

< 

2 . i' 

< 0.  t 

< 

0.6 

< 

0.6 

< 

0.6 

op’  DI  !■ 

3.0 

< 

3 . 0 

< 3.0 

< 

3 . 0 

< 

3.0 

< 

3.0 

PP’d:  < 

3.0 

< 

3.0 

< 3.0 

< 

3.0 

< 

3 . 0 

< 

3.0 

op’ DDT  < 

2 . 0 

< 

2.0 

< 2.0 

< 

2.0 

< 

2 . 0 

< 

2.0 

pp’tp:  < 

2. 0 

< 

2.0 

< 2.0 

< 

2.0 

< 

2.0 

< 

2.0 

op'  p;  : < 

2.0 

< 

2 . 0 

< 2.0 

< 

2.0 

< 

2.0 

< 

2.0 

pp’dd;  < 

2.0 

< 

2.0 

< 2.0 

< 

2.0 

< 

2 . 0 

< 

2.0 

Dieldrin  < 

1 . 2 

< 

1 . 2 

< 1.2 

< 

1 . 2 

< 

1.2 

< 

1 . 2 

Endosultari  1 < 

1 . 2 

< 

1 . 2 

< 1.2 

< 

1 . 2 

< 

1 . 2 

< 

1.2 

Endosulfan  II  < 

4 . 4 

< 

4 . 4 

< 4.4 

< 

4 . 4 

< 

4 . 4 

< 

4 . 4 

Endrin  < 

1 . 6 

< 

1 . 6 

< 1.6 

< 

1 . 6 

< 

1 .6 

< 

1 . 6 

Heptachlor  < 

0.4 

< 

0.4 

< 0.4 

< 

0.4 

< 

0.4 

< 

0.4 

Lindane 

1 . 3 

0.  3 

1 . 5 

3 . 5 

1 . 7 

1 . b 

PCBs  2 

0.0 

36.0 

24 . 0 

22 . 0 

20.0 

18.0 

Other  Organic  Compounds: 

(mg/1 ) 

(mg/1 ) 

(mg/ 1 ) 

(mg/1 ) 

(mg/ 1 ) 

(mg/ 1 ) 

il  md  ;rea  e < 

0.  b 

7.6 

< O.b 

< 

: 0.  b 

c O.b 

< 

: 0.6 

Total  Organic 
Carbon 

NT 

11.4 

24  . 3 

16.9 

22  . 6 

6.9 

Total  Inorganic 
Carbon 

NT 

11.6 

20.6 

12.9 

7 . 3 

17  . 9 

NT  - not  listed. 

*See  Table  421  for  explanation  of  column  designations . 


corresponds  to  the  oil  and  grease  data  pattern  for  these 
samples:  oil  and  grease  were  below  the  detection  limit  of 

0.5  mg/1  for  all  samples  except  the  one  taken  during  the 
first  turbid  plume  (7.6  rng/1). 

Both  elutriate  test  and  field  study  results  showed 
only  a slight  release.  The  low  retention  times  for  unknown  com- 
pounds were  reduced  during  passage  of  the  turbid  plume  and 
in  the  elutriate.  Comparisons  of  the  PCB  concentrations  show 
that  in  the  pre-disposal  extract,  they  were  20.0  ng/1  and  in 
the  water  extract,  11.5  ng/1.  During  the  turbid  plume  the 
concentration  increased  to  36.0  ng/1  and  in  the  elutriate  to 
33.4  ng/1.  The  elutriate  test  gave  the  same  G.C.  profile  and 
also  the  same  trend  towards  release  or  sorption. 

Water  Quality  at  the  Dredging  Site 
Percent  Transmission 

Profiles  of-  the  water  column  above  and  below  the 
dredging  site  were  taken  to  determine  if  mechanical  dredging 
operations  had  an  effect  on  the  turbidity  of  the  Duwainish 
River.  The  data  for  the  two  sites  are  presented  in  Figure 
137  and  show  similar  profiles.  The  surface  waters  were  more 
turbid  at  both  sites  than  the  bottom  waters,  with  approx- 
imately 40  percent  transmission  for  sui-'face  water  compared 
to  70  percent  for  the  bottom  waters.  No  effects  of  dredging 
can  be  discerned  from  these  data. 

Heavy  Metals 

Soluble  heavy  metal  concentrations  in  water  samples 
collected  above  and  below  the  mechanical  dredge  in  the  Duwamish 
River  Turning  Basin  are  shown  in  Table  424.  There  was  no 
difference  in  metal  concentrations  between  the  samples  taken 
above  the  dredge  and  those  taken  below.  Manganese  and  zinc 
concentrations  ranged  from  37  to  58  and  from  10.5  to  44.9  yg/l, 
respectively.  Cadmium  and  lead  concentrations  ranged  from  1.8 
to  4.0  yg/l  and  from  2.0  to  2.9  yg/l,  respectively.  Nickel 
and  copper  concentrations  ranged  from  4.6  to  6.7  yg/l  and 
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Figure  137 

Percent  Transmission  Profile:  Dunam  1 *h  River  Above  and  Below  Dredge 


3.1  to  10.0  ug/1,  respectively.  Iron  concentrations  de- 
creased with  depth.  They  were  318  to  473  yg/1  at  the  surface 
and  from  37  to  55  Mg/1  at  4 to  6 meters  below  the  surface. 
Chromium,  arsenic,  and  mercury  concentrations  were  all  below 
detection  limits  of  <2,  <2,  and  <0.005  Mg/1,  respectively. 

Nitrogen  Compounds 

For  comparison,  water  samples  were  also  collected 
from  the  Duwamish  River  Turning  Basin.  Results  of  ammonium 
and  nitrate  analyses  are  presented  in  Table  425.  Ammonium 
concentrations  were  much  higher  than  those  observed  in  the 
disposal  site  water  samples.  Concentrations  in  the  upper  two 
meters  of  the  dredging  site  water  column  were  apparently  as 
much  as  twice  those  in  the  underlying  water.  Specific  conduct- 
ance data  (Table  388)  had  indicated  that  at  the  dredging  site, 
the  more  contaminated  river  water  overlies  the  bay  water. 
Nitrace  concentrations  ranged  between  0.34  and  0.48  mg  N/l, 
with  higher  concentrations  in  the  surface  waters. 

It  is  apparent  from  the  data  in  Tables  418  and  425 
that  the  water  column  at  the  Elliott  Bay  disposal  area  was 
less  contaminated  with  nitrogen  compounds  than  the  dredging 
site  water  column.  Monitoring  of  disposal  operations  generally 
indicated  release  of  ammonium  and  removal  of  nitrate  and  organ- 
ic N.  The  only  exception  to  this  trend  was  observed  with 
Elliott  Bay  Dump  No.  1A.  The  ammonium  release  following  Dump 
No.  2B,  although  significantly  high  (2.64  mg  N/l),  should  not 
harm  aquatic  organisms  because  of  the  brevity  of  the  expected 
period  of  exposure. 

Phosphorus  Compounds 

Soluble  orthophosphate  concentrations  of  samples 
collected  in  the  Duwamish  River  Turning  Basin  both  above  and 
below  the  mechanical  dredge,  are  presented  in  Table  426. 

Above  the  dredge,  concentrations  appeared  to  be  fairly  con- 
stant with  depth,  ranging  from  0.079  to  0.094  mg  P/1.  Below 
the  dredge,  the  concentration  at  0.5  and  2 m (0.14  and  0.22 
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mg  P/1)  appeared  to  be  somewhat  higher  than  those  found  above 
the  dredge  at  corresponding  depths.  The  concentrations  at 
4 and  6 m,  however,  were  lower  than  near-bottom  water  con- 
centrations above  the  dredge. 

Table  425 

Ammonium  and  Nitrate  Concentrations:  Water  Samples 
Collected  Above  and  Below  the  Dredge  in  Duwamish 
River  Turning  Basin5' 

(mg  N/l) 


Depth 

(m) 

Ammonium 

Nitrate 

Above : 

0 . 5 

0 . 23 

0.48 

1.0 

0 . 33 

0.42 

2.0 

0.28 

0.43 

Below: 

2.0 

0.28 

0 . 44 

4.0 

0.13 

0.43 

4.0 

0.12 

0.42 

6.0 

0.12 

0 . 34 

*A11  samples 

collected  between  16:30  and  16:45. 
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New  York-New  Jersey  Waterways  - New  York  Bight 

The  New  York  Bight  area  off  the  coast  of  Sandy  Hook, 
New  Jersey  has  recently  been  the  focus  of  considerable  contro- 
versy over  the  disposal  of  sewage  sludge  and  dredged  material. 

Ln  the  summer  of  1976,  the  bottom  waters  in  a band  about  eight 
miles  wide  and  extending  about  100  miles  down  the  New  York- 
New  Jersey  coast,  generally  a few  miles  offshore,  became 
anoxic.  The  anoxic  conditions  led  to  large  scale-die  offs  of 
clams,  crab,  lobster',  and  bottom-dwelling  fish  such  as  flounder. 

The  New  York  District  of  the  Corps  of  engineers 
dredges  approximate ly  10  million  cubic  yards  of  sediment  from 
New  York-New  Jersey  harbors  and  waterways  annually.  These 
dredged  sediments  are  all  dumped  at  one  site  (mud  dump  site) 
in  the  New  York  Bight.  The  surrounding  shoreline  contains 
some  of  the  most  intensely  urbanized  and  industrialized  areas 
in  tire  world.  Large  amounts  of  untreated  or  only  partially 
treated  wastewaters  are  discharged  to  the  waterways.  Further, 
rivers  such  as  the  Hudson  that  discharge  to  this  area  carry 
persistent  contaminants  from  the  municipal  and  industrial 
wastewaters  and  agricultural  drainage  from. several  states. 

This  results  in  the  potential  for  large-scale  contamination  of 
the  waters  and  sediments  in  the  New  York-New  Jersey  area.  Com- 
putations of  tlie  total  contaminant  load  to  the  New  York  Bight 
such  as  those  made  by  Mueller  e_t_  al.  ,3  which  are  based  on  the 
bulk  sediment  content,  show  that  for  many  contaminants  of 
potential  concern,  the  total  load  to  the  New  York  Bight  arising 
from  the  disposal  of  dredged  sediment  is  a significant  part  of 
the  total  load  from  all  sources  including  sewage  sludge  dumping 
and  the  discharge  of  municipal  and  industrial  waste.  However, 
as  pointed  out  by  Lee  and  Jones,  in  their  discussion  of  the 
Mueller  et  al.  paper,  in  order  to  judge  the  true  significance 
of  the  contaminants  associated  with  the  dredged  sediment,  it 
is  necessary  to  determine  the  amounts  of  these  contaminants 
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that  become  available  to  affect  water  quality  in  the  New  York 
Bight.  In  order  to  provide  information  on  this  topic  and 
to  evaluate  the  reliability  of  the  elutriate  test  in  predict- 
ing the  potential  for  contaminant  release  from  dredged  sedi- 
ment upon  openwater  disposal,  a study  was  conducted  in  this 
region  in  late  August-early  September  1976.  This  study  in- 
volved collecting  sediments  from  the  area  scheduled  to  be 
dredged  and  subjecting  them  to  the  elutriate  test  under  a 
variety  of  conditions.  Also,  the  disposal  operations  invol- 
ving the  dredged  material  from  these  areas  were  moni tored  to 
determine  the  release  of  contaminants  during  disposal.  Further, 
samples  of  dredged  material  accumulating  in  the  hoppers  were 
collected  during  dredging.  Also,  samples  were  collected  from 
the  hopper’s  periodically  during  transport  from  the  dredging 
site  to  the  mud  dump  site.  'i'hsee  samples  were  collected  so 
that  measurements  of  the  release  of  contaminants  at  the  time 
of  dredging  and  during  transport  to  the  disposal  site  could 
be  made.  In  addition,  a set  of  water  samples  was  taken  from 
tire  mouth  of  Raritan  Bay  to  compare  the  concentration  of  con- 
taminants present  at  the  mouth  of  the  bay  (which  receives 
municipal  and  industrial  wastewater  discharges  from  New  York 
and  New  Jersey)  to  that  found  at  the  dredged  material  disposal 
site . 


Flutriate  and  Plop  Tests 
Characteristics  of  Sampling  Site 

On  August  30,  1976  sediment  and  water  samples  were 
collected  using  a Ponur  grab  and  pump,  respectively,  from  areas 
in  Lire  Bay  Ridge  Channel  and  the  Perth  Amboy  Anchorage  and 
Channel  that  were  scheduled  to  be  dredged  on  the  following,  two 
days.  The  locations  of  these  sampling  sites  are  presented 
in  Figures  138  and  139 

The  Secchi  depth  at  the  Bay  Ridge  Channel  sediment 
sampling  site  (Figure  138)  was  0.78  m;  depth  of  the  water 
column  was  approximately  L3  in.  The  sediment  collected  in  that 
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urea  was  pasty,  black,  and  oily  in  appearance.  Since  the 
water  at  that  location  was  turbid,  it  was  decided  to  collect 
the  water  from  a nearby,  less  turbid  area  (Figure  ]38).  At 
the  site  chosen,  the  water  column  was  about  12  m deep;  the 
Secchi  depth  was  1.25  m.  The  water  sample  was  pumped  from  a 
deptti  of  about  10  m. 

The  Perth  Amboy  Anchorage  (Figure  139)  is  a barge 
anchorage  area . Two  sets  of  sediment  and  water  samples  were 
collected  in  the  anchorage  area.  At  the  first  location,  the 
water’  depth  was  8 m,  and  the  Secchi  depth  was  1 m.  The  sedi- 
ment was  black  and  pasty  with  a strong  sulfide  odor.  A water 
sample  was  collected  at  that  location  from  a depth  of  6 in. 

A second  set  of  Perth  Amboy  Anchorage  samples  was 
taken  about  100  m east-northeast  of  the  previously  sampled  an- 
chorage site.  The  water  depth  was  about  9 m,  and  the  Secchi 
depth  was  1 in.  The  appearance  of  this  sediment  generally  re- 
sembled tire  other  sediment,  except  that  the  sulfide  odor  was 
not  as  strong  in  this  sediment.  A water  sample  was  collected 
from  u m.  The  two  sediment  samples  were  latex1  pooled  and  pro- 
cessed as  the  Perth  Amboy  Anchorage  sample. 

The  depth  of  the  Perth  Amboy  Channel  sampling  site 
(Figure  139)  was  about  13  in,  and  the  Secchi  depth  was  1.3  m. 

The  Pex’th  Amboy  Channel  sediment  sample  had  a thin  layer  of 
brownish , oxidized  material  on  its  sux^face  and  a strong  sul- 
fide odor.  its  consistency  r'esembled  that  of  the  anchorage 
sample.  There  wei^e  also  some  x^oots  and  twigs  in  the  sample. 

A water  sample  was  also  collected  fi’om  a depth  of  10  m. 

The  sealed  sediment  buckets  and  water  bottles  were 
placed  in  insulated  shipping  boxes  and  immediately  aixi-fi1eighted 
to  Dallas.  Upon  arrival,  they  were  stored  in  the  dark  at  4°C 
and  wex^e  not  opened  until  used  for  the  elutriate  tests. 

''eneral  Sediment  Character  is  t ics  and  Oxygen  Demand 


The  sediments  collected  fox1  elutriate  tests  were 
analyzed  for  Fh , sulfide  concentration,  percent  di’V  weight 


and  particle  size  distribution.  The  results  of  these  measure- 
ments are  presented  in  Table  427 . 

Perth  Amboy  Channel  and  Anchorage  sediments  were 
analyzed  in  triplicate.  They  had  Eh  values  of  -353  mv  and 
-381  mv , respectively.  The  Perth  Amboy  Channel  sediment's 
mean  sulfide  concentration  was  1502  mg/kg;  that  of  the  Anchor- 
age sediment  was  2373  mg/kg.  Their  mean  percent  dry  weights 
were  34  percent  and  40  percent,  respectively.  The  particle 
size  distribution  of  the  Channel  sediment  sample  was  4 percent 
clay,  63  percent  silt,  and  33  percent  sand.  Anchorage  sediment 
was  zero  percent  clay,  69  percent  silt,  and  31  percent  sand. 

The  Bay  Ridge  Channel  sediment  had  an  Eh  of  -3/9  mv.  The  mean 
sulfide  concentration  was  found  to  be  1190  mg/kg.  The  mean 
percent  dry  weight  value  was  determined  to  be  48  percent.  These 
sediments  were  found  to  be  6 percent  clay,  54  percent  silt,  and 
40  percent  sand. 

The  oxygen  demand  test  was  performed  on  the  three 
sediment  samples.  The  oxygen  uptake  data  for  the  multiple 
runs  for  all  three  sediments  are  presented  in  Tables  A 37,  A 38, 
and  A 39  of  Appendix  A.  For  the  samples  from  the  Perth  Amboy 
Channel,  the  standard  deviation  ranged  from  0 to  0.3,  indi- 
cating good  reproducibility.  As  can  be  seen  in  Table  427  , the 
Anchorge  area  sediment  showed  a slightly  higher  oxygen  demand 

o 

per  cubic  meter  for  the  first  hour  (9.3  x 10"  g 0„  compared  to 

2 1 
8.4  x 10  g 0,  for  the  Channel  sediment).  The  same  was  true 

for  the  uptake  per  gi’am  dry  weight  for  the  first  hour:  1.4  3 

o 

mg  0^  for  the  Anchorage  sediment  compared  to  1.29  mg  0"  for 
the  Channel  sediment. 

The  plot  of  the  data  from  the  Perth  Amboy  oxygen 
demand  tests  are  presented  in  Figures  140  and  141.  The  Channel 
sediment  showed  a two-stage  uptake.  The  slope  of  the  fast  com- 
ponent was  -0.16  mg/1  min  ^ , and  that  of  the  slow  component 
was  0.009  mg/1  min  ^ . The  Anchorage  sediment  had  a single- 
component slope  of  -0.012  mg/1  min  . The  initial  fast  compon- 
ent found  for  most  sediments  tested  in  this  study  was  very  short 
lived . 


ample  Size 


xygen  Demand  Test: 
mboy  Anchorage  Sed 
Sample  Size  - 2 cc 


Table  42"  shows  that  the  Bay  Ridge  Channel  sediment 
had  a lower  uptake  in  the  first  houi'  than  the  Perth  Amboy  sam- 
ples. The  oxygen  demand  in  the  first  hour  for  a cubic  meter 

9 

was  6.6  x 10'  g 0,,;  it  was  0.90  mg  0,  per  gram  dry  weight. 

The  plot  of  the  results.  Figure  142,  shows  a two-component 
slope.  The  fast  component  was  calculated  to  be  -0.015  mg/1 
min  , the  slow  component  was  -0.006  mg/1  min-1. 

Flutri^te  Test  General  Parameters 

Duplicate  5 percent  oxic,  20  percent  oxic,  and  20 
percent  anoxic  tests  were  run  on  Perth  Amboy  Channel,  Perth 
Amboy  Anchorage,  and  Bay  Ridge  Channel  sediments  on  September 
3-8,  1976.  In  addition,  a set  of  duplicate  plop  tests  were 
run  on  September  15  on  sediment  and  water  from  the  Perth  Amboy 
Anchorage . 

Table  428  presents  the  values  of  the  general  physical 
and  chemical  parameters  measured  during  elutriate  tests  run  on 
Perth  Amboy  Channel  sediment  and  water.  Judging  from  the  D.0. 
values  during  the  replicate  20  percent  oxic  tests,  the  oxygen 
demand  of  this  sediment  was  high  compared  to  most  test  sedi- 
ments elutriated  during  this  study.  This  is  based  on  the 
observation  that  during  settling  of  the  20  percent  oxic  tests, 
D.0.  concentrations  in  the  elutriate  decreased  to  0.7  and 
1.7  mg/1.  Because  of  the  smaller  percent  sediment  used,  the 
5 percent  oxic  elutriates  had  consistently  higher  D.0.  levels 
than  the  20  percent  oxic  elutriates  and  showed  higher  decrease 
during  settling.  During  the  anoxic  tests,  the  D.0.  remained 
below  0.5  mg/1  (detection  limit). 

The  pH  values  rose  from  7.5  in  the  site  water  to 
about  8 in  all  elutr>iates . Turbidity  levels  were  about  the 
same  in  both  5 and  20  percent  oxic  elutriates  but  were  some- 
what higher  in  the  anoxic  elutriates.  Specific  conductance 
values  increased  slightly  as  a result  of  elutriation,  but  no 
discernible  differences  were  found  among  the  elutriates. 


947 


■ . Phy  . . . ind  hemi  i Parametei  : 


Table  429  shows  that  the  general  characteristics  of 
xhe  Perth  Amboy  Anchorage  site  water  were  about  the  same  as 
those  of  the  Perth  Amboy  Channel  site  water.  Because  'the  plop 
tests  were  run  ten  days  after  the  oxic  and  anoxic  tests  on 
the  Anchorage  sediments,  a second  sample  of  site  water  was 
analyzed  at  that  time  for  its  general  characteristics.  The 
only  difference  between  the  two  was  in  turbidity;  whereas  it 
was  2.5  NTU  prior  to  the  first  tests,  it  was  6 NTU  prior  to 
the  running  of  the  plop  tests. 

From  the  D.O.  concentrations  during  the  Perth  Amboy 
Anchorage  elutriate  tests,  it  would  appear  that  the  oxygen 
demand  of  these  sediments  was  about  the  same  as  that  of  the 
Channel  sediments.  The  D.O.  values  were  higher  in  the  5 percent 
oxic  elutriates  than  in  the  20  percent  oxic  elutriates  and 
below  0.5  mg/1  during  the  anoxic  tests. 

The  D.O.  in  the  test  column  during  the  plop  tests  .. 

on  Perth  Amboy  Anchorage  sediment  remained  constant  with  depth. 

The  initial  and  after-mixing  values  were  about  the  same  as 

those  found  during  the  5 percent  oxic  tests.  After  settling,  ! 

D.O.  values  were  slightly  higher  than  those  found  in  the  5 

percent  elutriates.  j 

The  pH  rose  during  elutriation  of  Perth  Amboy  An- 
chorage sediment.  The  turbidity  found  in  the  20  percent  oxic  ; 

and  20  percent  anoxic  elutriates  ranged  from  76  to  105  NTU. 

The  5 percent  oxic  duplicates  had  somewhat  lower  turbidities 
(65  and  62  NTU);  plop  test  elutriate  turbidities  were  the 
lowest  at  25  and  30  NTU. 

The  specific  conductance  of  the  Perth  Amboy  Anchorage  I 

site  water  was  29,640  pmhos/cm  @ 25°C.  Although  20  percent 
oxic  A elutriate  showed  no  change  in  specific  conductance,  the 
20  percent  oxic  B elutriate  showed  a slight  increase  to 
31,800  umhos/cm  @ 25°C.  The  values  in  the  5 percent  oxic  and 
20  percent  anoxic  elutriates  were  below  that  of  the  site  water. 

Plop  test  specific  conductance  values  decreased  to  about  the 
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same  level  found  in  the  anoxic  and  5 percent  oxie  elu- 
t rid  tes . 


The  general  characteristics  of  Bay  Ridge  Channel  site 
water  were  about  the  same  as  that  of  the  two  Perth  Amboy  waters, 
though  specific  conductance  was  slightly  lower.  From  the  P.0, 
data  during  the  elutriate  tests  (Table  430),  it  appears  that  the 
oxygen  demand  of  the  Bay  Ridge  Channel  sediment  was  about  the 
same  or  slightly  less  than  that  of  the  Perth  Amboy  sediments. 

The  pH  increased  slightly  as  a result  of  the  elu- 
ti’iations.  The  turbidity  increased  to  slightly  higher  levels 
after  5 percent  oxic  elutriation  than  after  20  percent  elutria- 
tion.  The  highest  turbidity  values  (about  125  NTH)  were  found 
in  the  anoxic  elutriates. 

The  specific  conductance  decreased  as  a result  of  20 
percent  oxic  elutriation  but  remained  unchanged  or  increased 
slightly  during  5 percent  oxic  and  20  percent  anoxic  tests. 

Heavy  Metals 

Three  sediment  samples  collected  from  dredging  sites 
in  the  Perth  Amboy  Channel , Perth  Amboy  Anchorage  and  Bay  Ridge 
Channel  were  analyzed  for  selected  total  heavy  metal  concentra- 
tions. The  data  are  shown  in  Table  431. 

The  manganese  concentration  in  the  Bav  Ridge  Channel 
sediment  was  183  mg/kg;  in  the  Perth  Amboy  Channel  and  Anchorage 
sediments  concentrations  were  99  and  245  mg/kg,  respectively. 

The  iron  concentrations  in  the  three  sediments  ranged  from  14 
g/kg  to  16  g/kg.  The  zinc  ranged  from  97  mg/kg  to  140  mg/kg, 
and  lead  ranged  from  8.9  mg/kg  to  84  mg/kg.  For  the  above 
elements.  Bay  Ridge  Channel  sediment  concentrations  generally 
fell  between  those  of  the  two  Perth  Amboy  sediments.  There 
were  other  patterns.  The  Bav  Ridge  sediment  had  the  lowest 
concentrations  of  the  three  sediments  of  chromium,  nickel, 
copper,  mercury  and  arsenic,  and  Perth  Amboy  Anchorage  sediment 
had  the  highest  concentrations.  The  ranges  were  3.2  to  69  mg/kg. 
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2,5  to  30  mg/kg,  257  to  487  mg/kg,  2,21  to  4,77  mg/kg,  and 
<5  to  57 : 5 mg/kg  for  chromium,  nickel,  copper,  mercury, 
and  arsenic.  The  highest  cadmium  concentration  was  found 
in  the  Bay  Ridge  Channel  sediment  (6.9  mg/kg),  and  the  lowest 
was  found  in  the  Perth  Amboy  Channel  sediment  (1.7  mg/kg). 

In  summary,  of  the  three  sediments,  the  Perth  Amboy 
Anchorage  sediment  was  found  to  be  the  most  heavily  contami- 
nated with  heavy  metals.  It  had  the  highest  concentration 
of  seven  of  the  ten  metals  determined.  The  Bay  Ridge  Channel 
sediment  had  the  lowest  concentration  of  five  of  the  ten 
metals  and  the  highest  concentration  of  two.  The  Perth  Amboy 
Channel  sediment  had  the  lowest  concentration  of  four  metals 
and  the  highest  concentration  of  one. 

Table  432  presents  the  soluble  heavy  metal  concentra- 
tions of  the  site  and  elutriate  waters  from  the  elutriate 
tests  run  on  these  three  sediments.  The  largest  release  seen 
was  of  iron  in  one  of  the  Bay  Ridge  Channel  20  percent  oxic 
tests.  Smaller  releases  of  iron  were  also  seen  in  the  tests 
with  the  two  Perth  Amboy  sediments.  Manganese  increased  in 
some  tests  and  decreased  in  others.  Zinc  and  copper  concentra- 
tions decreased. 

Only  two  of  the  Perth  Amboy  Channel  tests  showed  re- 
lease of  large  concentrations  of  iron.  The  site  water  con- 
tained 8 yg/ 1 iron,  one  of  the  20  percent  oxic  elutriates  con- 
tained 689  Mg/1  iron, and  one  20  percent  anoxic  elutriate  con- 
tained 248  Mg/1  iron.  Their  duplicates  and  the  5 percent  oxic 
elutriates  contained  from  less  than  5 to  32  Mg/1  iron.  The 
Perth  Amboy  Anchorage  site  water  had  the  highest  iron  concen- 
tration of  the  three,  22  Mg/1.  The  20  percent  oxic  and  anoxic 
elutriates  ranged  in  concentration  from  48  to  161  Mg/1.  The 
plop  test  waters  contained  82  and  45  Mg/1  iron.  The  5 per- 
cent elutriates  contained  25  and  11  Mg/1  iron. 
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Table  432 


The  Bay  Ridge  Channel  site  water  iron  concentration 
was  8 Mg/1 • The  5 percent  oxic  elutriates  showed  some  release, 

11  to  23  ug/1,  but  the  20  percent  oxic  and  anoxic  tests  showed 
the  highest  release,  679  and  1081  ug/l  in  the  oxic  elutriates 
and  1100  and  1286  Mg/1  in  the  anoxic  elutriates. 

Bay  Ridge  Channel  oxic  elutriate  tests  all  resulted 
in  a decrease  in  manganese  from  that  present  in  the  site  water, 
but  the  20  percent  anoxic  tests  showed  some  release  (93  and 
76  Mg/ 1 1 compared  to  the  site  water  concentration  of  44  Mg/D- 
All  of  the  Perth  Amboy  Channel  tests  showed  small  releases 
with  no  apparent  pattern  due  to  type  of  test  or  volume  of  sedi- 
ment. The  site  water  contained  less  than  10  pg/1  manganese 
(detection  limit),  and  the  elutriates  contained  fi^om  19  to  52 
Mg/1  manganese.  The  behavior  of  manganese  in  the  Perth  Amboy 
Anchorage  tests  was  quite  erratic.  The  site  water  contained 
28  Mg/ 1 i and  the  elutriates  contained  from  less  than  10  to 
84  Mg/1  manganese.  There  was  release  in  one  of  the  5 percent 
oxic  tests,  decreases  in  the  20  percent  oxic  tests, and  release 
in  one  and  decrease  in  the  other  duplicate  of  the  20  percent 
anoxic  and  plop  tests. 

Zinc  and  copper  decreased  or  remained  unchanged  in 
all  tests.  Site  water  concentrations  of  zinc  ranged  from  less 
than  one  Mg/1  (detection  limit)  to  7,4  pg/1,  and  elutriate 
levels  ranged  from  less  than  one  to  3.0  Mg/1.  Copper  concen- 
trations in  the  three  site  waters  ranged  from  3.6  to  4.9  pg/1? 
and  elutriate  concentrations  ranged  from  less  than  1 to  2.8  pg/1* 

Cadmium  concentrations  were  below  the  detection  limit 
(0.5  Mg/D  in  all  Bay  Ridge  Channel  and  Perth  Amboy  Channel 
elutriates  and  in  Perth  Amboy  Anchorage  site  water.  There  was 
release  of  cadmium  in  the  5 percent  oxic  tests  for  Perth 
Amboy  Anchorage  sediments  (0.7  and  0.6  Mg/1?  respectively). 

Lead  concentrations  were  below  the  detection  limit  of  1 Mg/1 
in  the  Perth  Amboy  Channel  and  Anchorage  site  and  elutriate 
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water  . In  tin-  Bay  Ridge  Channel  site  waiter  the  lead  roncen- 
tr  it  irn  w.i  1.8  vi)'./  1 . There  was  release  in  the  5 percent  oxic 
te:  t ; and  i. . 5 Vi)’.  1 ) and  in  the  20  percent  anoxic  tests. 

( <- . C tin*  '.1  up.  1).  There  was  uptake  or  loss  cl  lead  in  t lie 
percent  '.vi  test:;  (less  than  1 and  l.t  up.'l). 

Chromium  and  nickel  coneentra t ions  in  these  elutriate 
■ . vi  r<  . vi  md  the ir  detection  limits  oi  2 ug  1 . With  the 
Perth  A-,  y \nchorag<  sediment,  there  was  release  oi  chromium 
i ■ . ne  20  percent  oxic  (7.0  ug  1)  and  one  plop  duplicate  £7.7 
up  l).  Concent  rat  ions  in  the  Bay  Ridge  Channel  elutriates 
ranged*  from  to  t.  6 up.’l  chromium;  the  site  water  contained 

2 . * up.  1 chromium.  All  r ite  waters  had  nickel  concentrations 
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There  was  no  change  in  the  mercury  content  as  a result  ot  elu- 
triation  with  sediment.  There  was  some  release  in  three  oi  the 
< Lutriates  with  the  Perth  Amboy  Anchorage  sediment.  One  oi  tin' 

20  percent  anoxic  tests  and  one  of  the  plop  test  duplicates  con- 
tained 0.07  ug/L  mercurv.  One  of  the  5 percent  oxic  elutriates 
contained  0.05  up.  1 mercury.  In  the  Bay  Ridge  Channel  tests 
there  were  decreases  in  all  but  one  test,  from  0.02  ug/2  mercury 
in  the  site  water.  One  20  percent  oxic  elutriate  showed  up 
to  0.19  up,' 1 mercury. 

The  arsenic  concentrations  were  somewhat  variable. 

The  most  significant  release  occurred  in  the  Perth  Ambov  Anchorage 
anoxic  tests.  This  site  water  contained  4 ug/1  arsenic.  The 
20  percent  anoxic  tests  resulted  in  release  ot  up  to  44  ug/1 
arsenic.  The  20  percent  oxic  tests  with  this  sediment  resulted 
in  releases  of  19  and  13  ug/1  arsenic.  Perth  Amboy  Channel 


site  water  contained  2 Mg/1  arsenic  and  the  two  anoxic  elutriates 
contained  16  and  13  Mg/1  arsenic.  One  of  the  heavy  metals  tested 
that  showed  substantial  release  was  iron.  Occasionally,  there 
was  some  manganese  and  mercury  release.  All  of  the  other  heavy 
metals  examined  showed  little  or  no  change  as  a result  of  elu- 
triat ion . 

Nitrogen  Compounds 

The  ammonium  and  organic  N data  for  the  Bay  Ridge 
Channel  and  Perth  Amboy  sediments  collected  are  presented  in 
Table  433 . Concentrations  of  both  compounds  in  all  three 
sediments  were  high  compared  to  many  other  study  sites  with 
the  Perth  Amboy  Channel  sample  showing  the  highest  concentra- 
tions . 

The  nitrogen  compound  concentrations  for  the  Perth 
Amboy  Channel  elutriate  tests  are  presented  in  Table  434.  The 
ammonium  release  from  this  sediment  was  considerably  higher  than 
that  obtained  from  most  other  sediments  studied  for  this  re- 
port. However,  it  should  be  noted  that  the  site  water  ammonium 
concentration  was  somewhat  higher  than  that  generally  observed 
in  water  samples  from  other  sites.  Ammonium  release  was  higher 
in  the  oxic  elutriates  than  in  the  anoxic  elutriates  and  in  the 
higher  percent  sediment  elutriates,  the  highest  value  found 
(33  mg  N/l)was  found  in  one  of  the  replicates  of  a 20  percent 
oxic  replicate.  Concentrations  were  higher  under  oxic  condi- 
tions and  with  the  greater  percent  sediment  volume.  Nitrate 
concentrations  decreased  in  all  elutriates  except  in  the  5 per- 
cent oxic  A elutriate  where  it  was  unchanged  from  that  in  the 
site  water. 

Nitrogen  compound  concentrations  for  the  Perth  Amboy 
Anchorage  tests  are  presented  in  Table  435.  The  site  water  am- 
monium concentration  was  about  the  same  as  that  observed  in  the 
channel  site  water,  yet  ammonium  release  was  about  half  that 
found  in  the  Perth  Amboy  Channel  tests.  Here  also,  the  high- 
est release  was  obtained  in  the  20  percent  oxic  elutriates. 
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Table  435 


Nitrogen 

Compound 

Concentrations:  I 

’ert'h  Amboy 

Anchorage 

Elutriate 

and  Plop 

Tests 

( mg 

N/l) 

Sample 

Organic  N 

Ammonium 

Nitr 

ate 

Des ignation 

X 

SP 

X 

SD 

X 

SD 

Elutriate  Tests 

Site  Water 

A 

0.2 

0.04 

0.63 

0.02 

0.14 

0.01 

5%  Oxic 

A 

0.3 

0.14 

4.66 

0.07 

0.12 

0 

B 

0.7 

0.19 

4.40 

0.13 

0.11 

0 

201  Oxic 

A 

1.5 

0.41 

13.8 

0.21 

0 . 0 6 

0.01 

B 

1 . 8 

0.90 

14.4 

0.57 

0.06 

0.01 

201  Anoxic 

A 

0.3 

0.39 

9.90 

0.3  2 

0.1 

0 

B 

0.6 

0.18 

8.78 

0.09 

0.1 

0.01 

Plop  Tests: 

Site  Water 

B 

0.2 

0.0  3 

0 . 6 8 

0.01 

0 . 3 

0 

Flop  Test 

A 

0.7 

0.0  7 

3.04 

0.04 

0 . 7 

0 

B 

0.6 

0.06 

3.24 

0.02 

0.1 

0.01 

A and  B are  replicates. 

Mean  and  standard  deviation  calculator  using  dupl  icate  analyses . 
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The  releases  in  the  anoxic  tests  were  less  than  those  in  the 
20  percent  oxic  elutriates  but  higher  than  those  in  the  5 
percent  oxic  elutriates.  The  ammonium  releases  from  the  plop 
tests  were  less  than  those  found  in  the  5 percent  elutriates. 

Nitrate  decreased  as  a result  of  elutriation  for 
all  the  elutriate  test  samples.  Plop  test  concentrations 
resembled  that  of  the  site  water.  The  results  from  the  5 per- 
cent oxic  samples  closely  approximated  the  results  from  the 
plop  tests.  Organic  N concentrations  in  the  plop  test  samples 
were  somewhat  lower  than  in  the  5 percent  elutriates.  Concen- 
trations were  higher  in  oxic  than  in  anoxic  elutriates. 

The  nitrogen  compound  concentrations  for  the  Bay 
Ridge  Channel  elutriate  tests  are  presented  in  Table  436. 
Ammonium  release  was  less  than  that  obtained  from  the  other 
two  sediments,  although  all  three  site  waters  had  comparable 
concentrations.  The  Bay  Ridge  Channel  tests  also  showed  the 
same  general  pattern  of  higher  ammonium  release  under  oxic 
conditions  and  with  a higher  sediment  percentage.  Nitrate 
concentrations  decreased  to  a similai^  extent  in  20  percent 
oxic  and  anoxic  elutriates.  Again,  very  little  decrease  in 
nitrate  concentration  was  observed  in  the  5 percent  tests. 
Oi^ganic  N showed  higher  concentrations  under  anoxic  conditions. 
It  was  not  possible  to  determine  the  effect  of  the  sediment 
volume  on  organic  N concentration  because  of  wide  variation 
in  the  duplicate  5 percent  tests. 

Phosphorus  Compounds 

Presented  in  Table  437  are  the  total  phosphorus 
concentrations  of  the  three  New  York  area  dredging  site 
sediment  samples.  The  Perth  Amboy  Channel  and  Anchorage 
sediments  contained  about  the  same  concentrations  of  phos- 
phorus. The  concentration  in  the  Bay  Ridge  sample  (1186 
mg  P/kg)  was  about  half  those  in  the  Perth  Amboy  samples. 

Soluble  orthophosphate  concentrations  in  Perth 
Amboy  Channel  elutriates  are  shown  in  Table  438.  Duplicate 
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Table  438 

Soluble  Orthophosphate  Concentrations: 


Perth  Amboy  Channel  Elutriate  Tests 


Sample 

Designation 

Soluble 

Orthophosphate 
(mg  P/1) 

X 

SD 

Site  Water 

0.25 

0.001 

5%  Oxic 

A 

0.04 

0 

B 

0.04 

0 

20%  Oxic 

A 

0.11 

0 

B 

0.05 

0 

20%  Anoxic 

A 

0.32 

0 . 001 

B 

0.73 

0 

Mean  and  standard  deviation  were  calculated  from  duplicate 
analyses  of  one  sample. 


5 percent  oxic  tests  ortho  P concentrations  showed  good  repro- 
ducibility; the  20  percent  sediment  tests  did  not.  In  gen- 
eral, the  oxic  tests  showed  decreases  of  soluble  ortho  P as  a 
result  of  elutriation.  Concentrations  decreased  from  0.25  mg 
P/1  in  the  site  water  to  0.04  mg  P/1  in  the  5 percent  elutri- 
ates and  to  0.05  and  0.11  mg  P/1  in  the  20  percent  oxic  elu- 
triates. As  shown  in  Table  428,  D.O.  concentration  in  the  20 
percent  oxic  B test  both  after  mixing  and  after  settling,  was 
greater  than  that  in  20  percent  oxic  replicate  A.  Although 
the  difference  was  small  (1  to  2 mg/1),  it  might  have  influ- 
enced the  amount  of  orthophosphate  decrease  realized.  The 
anoxic  tests  showed  release  of  soluble  orthophosphate. 
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Table  439  presents  the  soluble  orthophosphate  con- 
centrations found  in  Perth  Amboy  Anchorage  site  water  and 
elutriates.  The  site  water  (0.14  mg  P/1)  had  a lower  concen- 
tration than  did  the  Perbh  Amboy  Channel  water.  The  5 percent 
oxic  elutriate  test  showed  a decrease  in  soluble  ortho  P;  the 
concentration  in  these  elutriates  was  0.055  mg  P/1.  The  20  per- 
cent oxic  and  the  plop  tests  showed  about  the  same  release  of 
soluble  ortho  P.  Their  concentrations  ranged  from  0.23  to 
0.46  mg  P/1,  representing  approximately  2 to  3-fold  increases 
over  that  of  the  site  water.  The  greatest  release  was  found 
under  anoxic  conditions.  Concentrations  in  the  anoxic  elu- 
triates were  about  4 mg  P/1. 

Of  the  three  New  York  dredging  site  waters  analyzed, 
the  Bay  Ridge  Channel  site  water  (Table  440)  had  the  lowest 
concentration,  0.094  mg  P/1.  The  effect  of  5 percent  oxic 
elutriation  on  soluble  ortho  P concentrations  was  unclear. 

Both  replicates  showed  different  patterns.  The  difference  in 
elutriate  concentrations  did  not  appear  to  be  related  to 
oxygen  conditions  during  the  test.  Since  concentrations  in 
the  previous  New  York  5 percent  oxic  elutriates  were  typically 
lower  than  those  in  the  20  percent  oxic  tests,  it  is  likely 
that  the  5 percent  oxic  B value  may  be  in  error.  There 
appeared  to  be  a decrease  in  soluble  orthophosphate  as  a 
result  of  20  pei’cent  oxic  elutriation.  Anoxic  elutriation 
showed  release  of  soluble  ortho  P to  about  1 mg  P/1  in  the 
elutriate . 

Organic  Compounds 

Table  441  presents  the  results  of  chlorinated 
hydrocarbon  pesticides  and  PCB  analyses  on  Perth  Amboy  Chan- 
nel sediments,  site  waters,  and  elutriates.  Aldrin,  pp'DPT, 
pp'PDD,  op'DDE,  pp'DDE,  dieldrin,  heptachlor,  lindane,  and 
PCBs  were  detected  in  the  sediment.  The  concentrations  of 
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Table  439 

Soluble  Orthophosphate  Concentrations:  Perth  Amboy 
Anchorage  Elutriate  and  Plop  Tests 


Sample 

Soluble  Orthophosphate 

resignation 

(mg  P/1) 

X 

SD 

Site  Water 

■ — 1 

O 

0.001 

Tlutriate  Tests: 

5%  Oxic  A 

0 .053 

0 .001 

B 

0.055 

0 

20%  Oxic  A 

0 .29 

0 .001 

B 

0.23 

0 .001 

20%  Anoxic  A 

4 . 2 

0 .01 

B 

3 . 6 

0.02 

Plop  Tests: 

A 

0.46 

0.001 

B 

0 .31 

0.006 

A and  B are  replicates. 

Mean  and  standard  deviation  calculated  from  duplicate  analyses 

of  one  sample. 

Table  440 

Soluble  Orthophosphate  Concentrations : 

Bay  Ridge 

Channel  Elutriate  Tests 

Sample 

Soluble  Orthophosphate 

Designat ion 

(mg 

P/1) 

X 

SD 

Site  Water 

0.094 

0 .001 

5%  Oxic  A 

0.042 

0 

B 

0.53 

0 .004 

20%  Oxic  A 

0 .061 

0 .001 

B 

0.53 

0.001 

20%  Anoxic  A 

1.2 

0 

B 

0 .92 

0 

A and  B are  replicates . 


Mean  and  standard  deviation  calculated  from  duplicate  analyses 
of  one  sample. 
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Table  441 


Data  for  Organic  Compounds  and  Related  Parameters: 
Perth  Amboy  Channel  Elutriate  Tests 


Parameter 

Sediment 

Site 

Water 

Elutriate 

Chlorinated  Hydrocarbons: 

(pg/kg) 

(ng/1 ) 

(ng/1 ) 

Aldrin 

13 . 3 

<0.6 

<0.6 

op ' DDT 

<1.6 

<3.0 

<3.0 

pp'DDT 

2.0 

<3.0 

<3.0 

op 'DDD 

<2.0 

<2.0 

<2.0 

pp'ddd 

38.2 

<2.0 

<2.0 

op' DDE 

9.6 

<2.0 

<2.0 

pp ' DDE 

16.3 

<2.0 

<2.0 

Di eldrin 

13.1 

<1.2 

<1.2 

Endosulfan  I 

<0.9 

<1.2 

<1.2 

Endosulfan  II 

<3.4 

<4.4 

<4.4 

Endrin 

<1.2 

<1.6 

<1.6 

Heptachlor 

5 . 9 

<0.4* 

<0.4* 

Lindane 

5 . 8 

< 0 . 3* 

<0.3* 

PCBs 

1078 

<6 

69 

Other  Organic  Compounds 

(mg/1 ) 

(mg/1) 

Oil  and  grease 

4044  mg /kg 

<0.5 

<0.5 

TOC 

3 . 5% 

19 

4 8 

Soluble  TOC 

- 

15 

39 

Total  Inorganic  Carbon 

0. 3% 

22 

4 7 

Soluble  TIC 

- 

22 

4 7 

Dash  (-)  indicates  not  applicable. 

'"Compound  detected  on  both  columns  but  below  detection  limit. 
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pesticides  ranged  from  2.0  pg/kg  pp'DDT  to  38.2  pg/kg  pp'DDD. 

The  concentration  of  total  PCBs  was  1078  pg/kg.  The  oil  and 
grease  concentration  was  4044  mg/kg  and  TOC  was  3.5  percent. 

In  the  site  water,  only  heptachlor  and  lindane 
were  detected,  but  they  were  below  measurable  quantities. 

The  TOC  was  19  mg/1  and  the  soluble  TOC  was  15  mg/1.  Oil 
and  grease  was  <0.5  mg/1.  There  was  no  release  of  pesticides 
during  the  elutriate  test  but  there  was  a release  of  PCBs. 

The  concentration  of  PCBs  was  69  ng/1,  and  there  was  a cor- 
responding increase  in  soluble  TOC  to  39  mg/1.  The  TOC  was 
48  mg / 1 . 

A 20  percent  oxic  elutriate  test  was  run  on  Perth 
Amboy  Anchorage  samples;  the  results  of  the  analyses  are  pre- 
sented in  Table  442.  Aldrin,  pp'DDT,  pp'DDD,  op'DDE,  pp'DDE, 
dieldrin,  heptachlor,  lindane,  and  PCBs  were  detected  in  the 
sediment.  Pesticide  concentrations  ranged  from  1.0  pg/kg 
(dieldrin)  to  19.3  Pg/kg  (aldrin).  The  PCB  value  (1760 
pg/kg)  was  slightly  higher  than  found  in  the  Perth  Amboy 
Channel  sediments.  The  oil  and  grease  level  was  2091 
mg/kg  which  was  about  half  the  value  found  in  the  Perth  Amboy 
Channel  sediments. 

The  water  contained  no  detectable  pesticides  but 
PCBs  were  present  at  a concentration  of  17  ng/1.  During 
the  elutriate  test  on  this  sample,  pesticides  released  were 
pp'DDD  (20.5  ng/1),  pp'DDE  (5.3  ng/1),  heptachlor  (4.5  ng/1), 
and  lindane  (4.6  ng/1).  PCBs  (81  ng/1)  were  also  detected 
in  the  elutriate.  The  TOC  was  8 mg/1  in  the  site  water  and 
27  mg/1  in  the  elutriate.  The  soluble  TOC  showed  a slight 
increase  fi^om  7 mg/1  in  the  site  water  to  10  mg/1  in  the 
elutriate . 

A 20  percent  oxic  elutriate  test  was  run  on  Bay 
Ridge  Channel  samples.  Table  443  shows  that  aldrin,  pp'DDT, 
pp'DDD,  op'DDE,  pp'DDE,  heptachlor,  lindane,  and  PCBs  were 
detected  in  the  sediment.  The  concentrations  of  these  compounds 
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Table  442 


Data  for  Organic  Compounds  and  Related  Parameters; 
Perth  Amboy  Anchorage  Elutriate  Tests 


Parameter 

Sediment 

Site 

Water 

Elutriate 

Chlorinated  Hydrocarbons : 

(pg/kg) 

(ng/1 ) 

(ng/1 ) 

Aldrin 

19.3 

<0 . 6 

<0.6 

op  1 DDT 

<1.6 

<3.0 

<3.0 

PP'DDT 

14.0 

<3.0 

<3. 0* 

op 'DDD 

<2.0 

<2.0 

<2 . 0 

PP’DDD 

17  . 5 

<2 . 0 

20 . 5 

op’ DDE 

<2.0  * 

<2 . 0 

<2 . 0 

PP 'DDE 

2 . 5 

<2.0 

5 . 3 

Di eldrin 

1.0 

<1.2 

<1  . 2 

Endosulfan  1 

<0 . 9 

<1 . 2 

'-l  . 2 

Endosullan  11 

<3.4 

<4.4 

<4.4 

Endrin 

<1.2 

<1 . 6 

<1.6 

Heptachlor 

9 . 9 

<0 . 4 

4 . 5 

Lindane 

7 . 3 

<0 . 3 

4.6 

rcfis 

1760 

17 

81 

Other  Organic  Compounds 

(mg/ 1 ) 

(mg/1 ) 

Oil  and  grease 

2091  mg/kg 

0.7 

1 

TOC 

3 . 2 o 

3 

27 

Soluble  TOC 

- 

7 

10 

Total  Inorganic  Carbon 

0 . 2 7 

7 3 

3 2 

Soluble  TIC 

• • 

3 2 

Dash  (-)  indicates  not  appl icabl e . 


^Compound  detected  on  both  columns,  but  below  the  detection  limit. 


were  22.7,  66.0,  47.0,  4.4,  13.0,  14.6,  16.7,  and  1820 
Pg/kg,  respectively.  The  oil  and  grease  value  (826  mg/kg) 
was  considerably  lower  than  that  of  the  Perth  Amboy  samples, 
while  the  total  organic  carbon  (3.2  percent)  was  about  the 
same.  The  site  water  contained  aldrin  (9.2  ng/1),  lindane 
(5.0  ng/1),  and  PCBs  (8  ng/1).  The  oil  and  grease  concentra- 
tion was  below  the  detection  limit  of  0.5  mg/1.  The  TOC  was 
15  mg/1  and  soluble  TOC  was  9 mg/1.  In  the  elutriate,  pp'DDE 
(5.2  ng/1),  heptachlor  (5.3  ng/1),  and  PCBs  (86  ng/1)  were 
released.  The  aldrin  concentration  was  reduced  to  below  the 
detection  limit  (0.4  ng/1),  and  the  lindane  concentration 
(4.5  ng/1 ) remained  about  the  same  as  that  in  the  site  water. 

The  oil  and  grease  concentration  was  4 mg/1, and  TOC  and  soluble 
TOC  increased  to  79  mg/1  and  62  mg/1,  respectively. 

Bioassays 

Sediments  collected  form  Bay  Ridge  Channel,  Perth 
Amboy  Anchorage,  and  Perth  Amboy  Channel  were  also  used  for  elu 
triate  test  bioassays.  Based  on  the  results  of  the  elutriate 
test  bioassays  conducted  on  these  sediments,  it  was  decided 
that  a second  set  of  sediment  samples  should  be  taken  from 
Perth  Amboy  Channel  to  determine  the  effect  of  sediment  sample 
variation  on  bioassay  results. 

The  physical  and  chemical  characteristics  of  the 
elutriate  test  bioassays  on  Bay  Ridge  Channel  sediments  are  pre 
sented  in  Table  444 . The  data  presented  in  this  table  reveal 
increases  in  turbidity  and  ammonium  content  and  a reduction  in 
D.O.  and  pH  in  both  the  5 and  20  percent  sediment  tests.  The 
release  of  ammonium  to  the  bioassay  elutriate  waters  ranged 
from  approximately  5 mg/1  in  the  5 percent  tests  to  over 
7 mg/1  in  the  20  percent  tests.  Increases  in  turbidity  were 
observed  in  both  the  5 and  20  percent  tests  and  ranged  from 
75-80  NTUs.  The  pH  of  the  bioassay  elutriate  waters  decreased 
as  a function  of  the  percent  sediment  used.  Decreases  in  D.O. 
content  ranged  from  3.5  to  5.7  mg/1  in  the  5 and  20  percent 
sediment  tests,  respectively,  indicating  a high  oxygen  demand. 
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Table  443 

Data  for  Organic  Compounds  and  Related  Parameters 
Bay  Ridge  Channel  Elutriate  Tests 


Parameter 

Sediment 

Site 

Water 

Elutriate 

Chlorinated  Hydrocarbons: 

(pg/kg) 

(ng/1 ) 

(ng/1 ) 

Aldrin 

22 . 7 

9.2 

<0 . 4 

op ' DDT 

<1.6 

<3.  0 

<3.0 

pp ’ DDT 

66 . 0 

<3 . 0 

<3.0 

op ' DDD 

<2.0 

<2 . 0 

<2.0 

PP'DDD 

47.0 

<2.0 

<2 . 0 

op ’ DDE 

4.4 

<2.0 

<2 . 0 

PP 'DDE 

13 . 0 

<2 . 0 

5.2 

Dieldrin 

<0.8 

<1 . 2 

<1.2 

Endosulfan  I 

<0 . 9 

<1.2 

<1 . 2 

Endosulfan  II 

<3 . 4 

<4 . 4 

<1.2 

Endrin 

<1.2 

<1.6 

<4 .4 

Heptachlor 

14 . 6 

<0.4 

5.3 

Lindane 

16.7 

5.0 

4 . 5 

PCBs 

1820 

8 

86 

Other  Organic  Compounds 

(mg/1 ) 

(mg/1 ) 

Oil  and  grease 

826  mg /kg 

<0.5 

4 

TOC 

3 . 2% 

15 

79 

Soluble  TOC 

- 

9 

62 

Total  Inorganic  Carbon 

0 . 4 % 

22 

39 

Soluble  TIC 

21 

39 

Dash  (-)  indicates  not  applicable. 
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The  results  of  the  bioassay  using  Bay  Ridge  Channel 
sediment  elutriates  are  presented  in  Table  445 . Examination  of 
this  table  shows  variable  results  for  the  5 percent  sediment 
tests  with  mortalities  ranging  from  zero  to  50  percent  at  the 
end  of  96  hours  in  the  replicate  tests.  Limited  toxicity  was 
observed  in  the  20  percent  tests  with  a single  organism  dying 
in  one  of  the  replicates.  Based  on  the  highly  variable  re- 
sults in  the  5 percent  sediment  tests,  these  results  should  be 
considered  invalid. 

Table  446  shows  the  ammonium  content  of  the  bio- 
assay waters  at  the  completion  of  the  96-hour  test  period. 
Examination  of  the  data  presented  in  Table  446  shows  that  the 
ammonium  content  of  the  controls  and  those  tests  which  utilized 
a 20  percent  sediment  of  total  elutriate  volume  increased 
while  the  5 percent  sediment  tests  showed  a decrease  in  am- 
monium content  during  the  96-hour  test  period. 

Table  447  presents  the  concentrations  of  D.O.  in 
the  bioassay  elutriate  waters  from  Bay  Ridge  Channel  sediments. 
The  data  indicate  that  the  one-hour  aeration  period  following 
settling  was  not  sufficient  early  in  the  test  period  to  keep 
the  level  of  D.O.  above  4 mg/1  in  the  20  percent  tests.  Sub- 
sequent aeration  periods  were  increased  to  two  hours  per  day 
to  maintain  a D.O.  concentration  greater  than  4 mg/1  throughout 
the  24-hour  aeration  cycle. 

The  physical  and  chemical  characteristics  of  the  bio- 
assay elutriate  waters  for  Perth  Amboy  Anchorage  sediments  are 
presented  in  Table  448 . The  data  show  that  the  concentrations 
of  ammonium  and  turbidity  increased  while  the  pH  and  D.O.  con- 
tent of  the  bioassay  elutriate  waters  decreased.  The  increase 
in  total  ammonium  ranged  from  approximately  5.5  mg/1  in  the  5 
percent  sediment  tests  to  7.4  mg/1  in  the  20  percent  sediment 
tests.  Increases  in  turbidity  were  observed  in  both  the  5 
and  20  percent  sediment  tests  with  the  higher  levels  of  tur- 
bidity being  observed  in  the  5 percent  tests.  The  D.O.  data 
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Table  446 

Ammonium  Content  of  the  Bay  Ridge  Channel  Sediment 
Elutriate  Bioassay  Waters  at  the  Completion  of 
the  96-Hour  Test  Period 
(@  20°C ) 


Sample 

Designation 

pH 

Total 
Ammonium 
(mg  N/l) 

Unionized 
Ammonia 
(mg  N/l) 

Control  A 

8.2 

0.06 

<0.01 

B 

8.2 

0.07 

<0.01 

5%  A 

7.8 

3.45 

0 . 06 

B 

7.7 

3.33 

0.04 

20%  A 

7.5 

9.10 

0.08 

B 

7 . 5 

9.38 

0.08 

Dissolved  Oxygen 

Table  447 

Concentrations  over 

■ Test 

Period 

Bay  Ridge 

Channel 

Elutriate  Bioassays 

(mg/1 

20-21°C) 

Time 

Control 

5% 

o 

L 

0% 

(hr) 

A 

B 

A 

B 

A 

B 

0 

7 . 0 

7 . 1 

3.7 

3 . 5 

1.5 

1.1 

1* 

7 . 3 

7.2 

6.2 

6 . 3 

6.1 

6 . 1 

24 

6.2 

6 . 8 

3.1 

2 . 7 

2.8 

2 . 4 

48 

6.0 

6 . 5 

4.2 

4 . 5 

4.0 

4.3 

72 

5 . 9 

6 . 4 

4 . 4 

4 . 4 

4 . 2 

4 . 5 

96 

6.1 

6 . 6 

4.7 

4 . 6 

4 . 1 

4 . 5 

A and 

B are  replicates 

^Measurements  taken  after  first  hour  of  aeration. 
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presented  in  Table  448. show  decreases  in  D.O.  concentrations 
with  corresponding  increases  in  percent  sediment  of  total 
elutriate  volume.  Decreases  in  D.O.  ranged  from  4.0  mg/1  in 
the  5 percent  sediment  test  to  5.5  mg/1  in  the  00  pel  ent 
sediment  tests. 

The  results  of  the  bioassay  using  P.  pugio  with 
Perth  Amboy  Anchorage  sediment  elutriate  are  presented  in 

fa)  *9.  The  data  show  limited  toxic itv  to  P.  pugio  with 

30  percent  of  the  organisms  dying  in  both  the  5 and  20  percent 
tests  over  the  96-hour  test  period.  The  response  of  P.  pug,  i o 
was  slightly  faster  in  the  20  percent  sediment  tests.  No 
additional  mortalities  occurred  after  60  hours  of  exposure. 

Table  450  presents  the  D.O.  concentrations  of  the 
bioassay  elutriate  waters  throughout  the  96-hour  test  perio  1. 
The  data  show  that  the  one-hour  aeration  period  following  ttie 
initial  settling  period  was  not  sufficient  to  keep  the  level 
of  D.O.  above  4 mg/1  throughout  the  24-hour  aeration  cycle  for 
the  5 and  20  percent  tests.  Subsequent  aeration  periods  were 
increased  to  two  hours.  The  additional  one-hour  aeration  of 
the  bioassay  elutriate  waters  seems  to  have  satisfied  the  high 
oxygen  demand  of  the  sediment  enough  to  keep  the  D.O.  concen- 
tration of  the  waters  above  4 mg/1  throughout  the  remaining 
24-hour  aeration  cycles. 

The  ammonium  content  of  the  bioassay  elutriate  water 
at  the  completion  of  the  96 -hour  test  period  are  presented  in 
Table  451.  Examination  of  the  data  reveals  that  the  total  am- 
monium content  of  the  controls  and  that  of  the  20  percent  sedi 
ment  tests  increased  while  the  concentration  of  total  ammonium 
decreased  in  the  5 percent  sediment  tests. 

Table  452  shows  the  physical  and  chemical  parameters 
of  the  bioassay  elutriate  waters  for  Perth  Amboy  Channel  sedi- 
ments after  the  one-hour  settling  period.  Examination  of  the 
data  show  increases  in  the  total  ammonium  and  turbidity  levels 
and  decreases  in  pH  and  D.O.  content  of  the  bioassay  elutriate 
waters.  The  release  of  ammonium  to  the  bioassay  elutriate 
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Table  450 

Dissolved  Oxygen  Concentrations  over  Test  Period: 
Perth  Amboy  Anchorage  Elutriate  Bioassays 
(mg/1  @ 20-21°C) 


Time 

Control 

5T“ 

20% 

(hr) 

A 

B 

A 

B 

A 

B 

0 

7 . 0 

7.1 

3.2 

3.1 

1.  5 

1.3 

1* 

7.3 

7.2 

5.3 

5.7 

5.4 

5.9 

24 

6.2 

6.8 

2.0 

2 . 3 

3.3 

2.3 

48 

6.0 

6.5 

4.1 

4.4 

4.2 

4.7 

72 

5 . 9 

6.4 

4.0 

4.6 

5.0 

4.6 

96 

6.1 

6.6 

4.2 

5.0 

4.8 

5.0 

A and  B are  replicates. 

*Measurements  taken  after  first 

hour 

of  aeration. 

.Ammonium  Content  of 

Table 

the  Perth 

451 

Amboy  Anchorage  Sediment 

Elutriate  Bioas 

say  Waters 

at 

the  Completion 

of 

the  96-Hour 

(@ 

Test  Period 

20°C) 

Sample 

pH 

Total 

Unionized 

Designation 

Ammonium 

Ammonia 

(mg  N/l ) 

(mg  N/l) 

Control 

A 

8.2 

0.06 

<0.01 

B 

8.2 

0.07 

<0 . 01 

5% 

A 

8.0 

4.35 

0.11 

B 

7.8 

3.36 

0.06 

20% 

A 

7.8 

8.22 

0 . 14 

B 

7.9 

8.71 

0.18 

A and  B are  replicates. 
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waters  ranged  from  approximately  8 mg/1  in  the  5 percent 
sediment  tests  to  20  mg/1  in  the  20  percent  sediment  tests. 
Increases  in  turbidity  levels  were  obtained  in  both  the  5 and 
20  percent  sediment  tests  with  increased  levels  ranging  from 
50  to  70  NTUs.  The  pH  of  the  bioassay  elutriate  waters,  after 
the  one-hour  settling  period,  appeared  to  decrease  with  in- 
creased sediment  percent  of  total  elutriate  volume.  Decreases 
in  D.O.  concentration  ranged  from  3 to  6 mg/1  in  the  5 and  20 
percent  sediment  tests,  respectively. 

The  1 esults  of  the  bioassay  using  Perth  Amboy  Channel 
sediment  elutriates  are  presented  in  Table  453.  The  data  show 
toxicity  in  each  replicate  bioassay  with  mortalities  ranging 
from  20  to  40  percent  in  the  5 percent  sediment  tests  to  60 
percent  in  the  20  percent  sediment  tests  for  the  96-hour  test 
period.  No  mortalities  were  observed  until  after  P.  pugio  had 
been  exposed  to  the  elutriate  waters  in  the  presence  of  the 
dredged  sediments  for  60  hours. 

The  D.O.  concentrations  of  the  bioassay  elutriate 
waters  over  the  96-hour  test  period  are  shown  in  Table  454. 

Based  on  the  results  of  bioassays  on  Bay  Ridge  Channel  and 
Perth  Amboy  Anchorage  elutriates,  the  daily  aeration  periods 
of  the  bioassay  elutriate  waters  utilizing  Perth  Amboy  Channel 
sediments  were  increased  to  two  hours.  The  data  show  that 
the  two-houz-’  aeration  periods  were  sufficient  to  keep  the 
D.O.  of  the  bioassay  elutriate  waters  above  4 mg/1. 

Table  455  shows  the  ammonium  concentration  of  the 
bioassay  elutriate  waters  at  the  end  of  the  96-hour  test  period. 
Examination  of  the  data  presented  in  this  table  shows  increases 
in  the  control  group  from  the  concentrations  measured  immediately 
following  the  one-hour  settling  period.  The  ammonium  concen- 
trations present  in  the  waters  of  the  5 and  20  percent  tests  did 
not  differ  from  the  concentrations  measured  after  the  one-hour 
settling  period  with  the  exception  of  the  20  percent  A sample 
which  showed  a decrease  of  approximately  6 mg/1. 
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Table  454 

Dissolved  Oxygen  Concentrations  over  Test  Period: 


Perth  Amboy  Channel  Elutriate 

Bioa 

ssays 

(mg/1  @ 

2 0°C ) 

Time 

Control 

5% 

20% 

(hr) 

A B 

A 

B 

A 

B 

0 

7.5  7.4 

4.1 

4 . 7 

1.6 

1.4 

1* 

7.8  7.8 

7.1 

6.4 

6.3 

5 . 9 

2 4 

7.3  7.1 

4.8 

5.1 

4 . 3 

4.2 

48 

6.8  6.7 

4.4 

4.5 

4.1 

4.1 

72 

6.7  6.7 

4.4 

4.4 

4.0 

4 . 2 

96 

6.5  6.3 

4.2 

4.4 

4.1 

4 . 0 

A and 

B are  replicates. 

Table  455 

Ammonium  Content  of  the  Perth 

Amboy 

Channel  Sediment 

Elutriate  Bioassay  Waters  at  the  Completion  of  the 

96-Hour1  Test  Period 
(@  2 0°C ) 


Sample 

Designation 

PH 

Total 
Ammonium 
(mg  N/l) 

Unionized 
Ammonia 
(mg  N/l) 

Control 

A 

8.2 

0 . 19 

<0.01 

B 

8.2 

0.18 

<0 . 01 

5% 

A 

7.9 

8.65 

0.18 

B 

7.9 

7.77 

0 . 16 

O 

CM 

A 

7.8 

19.0 

0 .32 

B 

7.6 

20.4 

0.22 

A and  B 

are 

replicates . 

963 


Additional  sampling  within  the  Perth  Amboy  Channel 
was  conducted  on  November  23,  1976.  The  sediment  samples  used 
in  these  bioassays  were  taken  approximately  1000  feet  from  one 
another  in  the  middle  of  the  Perth  Amboy  Channel.  The  Site  2 
sediment  was  from  the  same  location  as  the  previously  tested 
Perth  Amboy  sample.  The  locations  of  these  sites  are  depicted 
in  Figure  139  as  PA  1,  PA  2,  and  PA  3. 

The  bioassays , initiated  on  November  30,  were  run  as 
described  in  the  procedures  section  with  one  exception;  the 
length  of  exposure  was  extended  to  16  days.  They  extended  ex- 
posure period  was  maintained  without  replacement  of  the  water 
following  the  initial  96-hour  exposure.  reeding  was  initiated 
after  96  hours.  Day-old  Artemia  nauplii  were  fed  to  the  grass 
shrimp  on  a daily  basis  prior  to  aeration.  Following  the 
initial  96-hour  exposure,  observations  of  mortality  were  made 
on  a daily  basis. 

Table  456  presents  the  cliemical  and  physical  char- 
acteristics of  the  elutriates  used  in  the  static  bioassays. 

The  data  show  that  the  total  ammonium  nitrogen  in  the  20  per- 
cent sediment  tests  ranged  from  2 to  30  mg/1.  The  largest 
release  of  total  ammonium  nitrogen  occurred  in  the  tests  using 
sediment  from  Site  2.  In  addition,  the  data  show  that  for 
each  sediment  tested,  turbidity  increased  while  D.O.,  pH,  and 
salinity  decreased. 

The  initial  low  D.O.  concentrations  were  raised  to 
between  6 and  7 ug/1  by  a one-hour  aeration  of  the  elutriate 
water  before  the  addition  of  test  organisms.  Table  457  shows 
the  D.O.  content  of  these  elutriates  throughout  the  16-day 
exposure  period.  The  data  indicate  that  the  one-hour  aeration 
periods  were  sufficient  to  keep  the  D.O.  content  of  the  elu- 
triate waters  above  4 mg/1. 

The  results  of  the  heavy  metal  analyses  of  these 
elutriates  are  presented  in  Table  458.  The  data  show  that 
the  only  metal  released  in  substantial  amounts  from  each 
site's  sediment  was  iron,  while  small  amounts  of  lead  were 
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Table  458 

Release  of  Heavy  Metals:  Perth  Amboy  Channel  Bioassay  Elutriates 

Cpg/1) 


released  from  Site  2 sediments.  A decrease  in  cadmium,  zinc, 
nickel,  and  copper  was  observed  in  all  three  bioassay  elutri- 
ates. No  changes  from  the  control  concentrations  were  observed 
for  manganese  and  chromium  in  any  of  the  bioassay  elutriates. 

The  results  of  the  bioassays  of  P.  pugio  are  pre- 
sented in  Table  459.  Examination  of  the  data  shows  limited 
toxicity  to  P.  pugio  over  the  first  96  hours  of  exposure  to 
Sites  1 and  3 sediment  elutriates.  The  bioassays  using 
sediment  from  Site  2 showed  a higher  toxicitv  with  40  percent 
of  the  test  animals  dying  in  each  replicate  after  96  hours  of 
exposure . 

The  additional  12-day  exposure  of  P.  pugio  to  Perth 
Amboy  Channel  sediment  bioassay  elutriates  resulted  in  10  to 
13  percent  increased  mortality.  The  bioassay  tests  were  termi- 
nated after  16  days  due  to  the  death  of  an  organism  in  one  of 
the  control  replicates. 

Hopper  Dredge  Studies 

Forty-four  samples  of  the  material  in  the  hoppers 
of  the  Corps  of  Engineers  hopper  dredge  Essayons  were  collected 
during  dredging  in  the  Perth  Amboy  and  Bay  Ridge  Channels  for 
the  dumps  monitored  on  August  31  and  September  1,  1976,  re- 
spectively. Each  sample  was  taken  with  a bucket  on  a rope  which 
was  lowered  into  the  surface  of  the  slurry  in  the  hopper.  These 
samples  were  packed  in  insulated  containers  and  air-freighted 
to  Dallas.  They  were  stored  in  the  dark  at  4°C  until  analysis. 
Half  of  each  sample  was  centrifuged  and  the  supernatant  was  fil- 
tered through  a 0.45  micron  pore  size  millipore  filter.  These 
portions  were  analyzed  as  water  samples,  and  the  unfiltered  half 
was  analyzed  as  sediment. 

Percent  Se t tleable  So_l id_s 

Tables  460  and  461  present  percent  settleable  solids 
and  pH  data  for  the  hopper  samples.  The  pH  of  these  samples 
varied  from  7.0  to  7.9  with  no  noticeable  pattern.  The  per- 
cent settleable  solids  content  of  the  Perth  Amboy  ample; 
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Table  460 

Percent  Settleable  Solids  Data:  Perth  Amboy 
Channel  Hopper  Dredge  Samples* * 


Time 
(hr :min) 

Percent 

Settleable 

Solids 

pH 

7:16 

Dredging  began.  Run  1 began 

7:25* 

100 

7.2 

7:27 

Run  1 

ended . 

7 : 30 

91 

7.5 

7:35 

91 

7.3 

7:43 

90 

7 . 4 

7 : 4 4 * 

Run  2 

began . 

7:45* 

- 

7.4 

7:50* 

93 

7.0 

7:55* 

94 

7.2 

7 : 55 

Run  2 

ended . 

8:00 

74 

7.3 

8:05 

97 

7 . 1 

8 : 10 

90 

7.2 

8:13 

Run  3 

began . 

8 :1b- 

98 

7 . 1 

8:30 

Run  3 

ended . 

98 

7 . 5 

8:44 

Run  4 

began . 

8:45  * 

100 

7.1 

8:45 

Run  4 

ended . 

9 : 00 

100 

7 . 2 

9:06 

Run  5 

began . 

9:15* 

98 

7 . 4 

9:23 

Run  5 

ended . 

9 : 30 

86 

7.4 

9:45 

28 

7.4 

10  : 00 

88 

7.4 

10  : 15 
i n * ^ n 

(All 

of  these  samples  taken 

1 ‘I  40 

while 

7.4 

7 5 

10:45 

dredge  was  traveling  to  dump 

94 

7 . 2 

11 : 03 

site . 

94 

7 . 5 

11:17 

90 

7.3 

11:  30 

41 

7 . 5 

11:50 

30 

7 . 5 

12  : 02 

92 

7.4 

12:15 

96 

7.4 

12  : 30 

8 

7.9 

12:45 

100 

7 . 3 

13:05 

16 

7 . 7 

'-'Surface  of  material  m hopper  was  turbulent.  Otherwise,  it 


was  calm. 

**The  data  for  percent  settleable  solids  and  pH,  as  well  as 
descriptions  for  dredging  operations  are  applicable  to  all  New 
York  hopper  dredge  samples  and  are  not  repeated  in  other  tables 
in  this  section. 

-ash  (-)  indicates  no  determination  made. 
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Percent  Settleable 

Table  461 

Solids  Data:  Bay  Ridge 

Channel 

Hopp 

er  Dredge  Samples 

Time 

Chr:min) 

Percent 

Settleable 

Solids 

pH 

6:24* 

Run  1 began. 

29 

7.2 

6 : 29* 

62 

7.2 

6 : 33* 

- 

7.1 

6:40* 

- 

7 . 2 

6:45* 

40 

7.3 

6:47 

Run  1 ended. 

7 : 00 

Run  2 began. 

7:07* 

- 

7 . 2 

7 : 22* 

Run  2 ended. 

- 

7.1 

7:37* 

100 

7 . 7 

7 : 38 

Run  3 began. 

7:50* 

89 

7.4 

8:00* 

100 

7.4 

8:13 

Run  3 ended. 

8:15 

57 

7.3 

8 : 30 

42 

7 . 3 

8:45 

- 

7 . 3 

9:00 

95 

7.1 

9:17 

100 

7 . 5 

*Surface  of  material  in  hopper  was  turbulent.  Otherwise, 
it  was  calm. 

Dash  C-)  indicates  no  determination  made. 
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■ rnged  from  74  to  100  percent  during  dredging.  They  were 
. h m re  variable  aftei  dredging  ceased,  fluctuating  from  8 
nt.  Not  il  Bay  Ridg<  hann<  1 impl<  wei  • ana- 
Lyz<  f : percent  ttleabl«  s , but  those  collected  during 

Iging  . w . - mewhat  higher  variability  in  settleable 

- 1 . . 29  to  10 C pei  ent , than  did  sampl< lected  during 

: l h Ami  ( y mne  1 lr<  Iging  opei  iti  ns. 

Heavy  Petals 

Samples  taken  from  the  hoppers  of  the  dredge  Essayons 
w<  re  malyzed  foi  Luble  heavy  metals . Selected  ones  were 
also  dried  and  analyzed  as  sediment  for  total  heavy  metals. 

Tables  460  and  4:;3  show  the  soluble  metals  concentrations  in 
the  Perth  Ami  y and  Bay  Ri  lg«  lhannel  h ppei  samples. 

In  the  Perth  Amboy  Channel  hopper  samples  (Table 
) , - ..  L<  manj  in<  >e  ranged  fr<  Less  than  .0  yg/1  (detec- 

' 1 n Limit  ) to  1286  y g/ 1 during  dredging.  During  transport 
to  the  disposal  site,  manganese  concentrations  of  all  samples 
were  less  than.  10  yg/1.  The  iron  concentrations  during  the 
lr<  Igin  :ycles  ranged  fi  >i  ..  tc  ibout  11,000  yg/1.  During 
transport  they  ranged  from  9 to  0000  yg/1.  Concentrations  of 
Le  . : Li  , c j per,  and  c idmi  im  were  below  the  detection  limit 

in  almost  all  samples.  Chromium  concent!  itions  ranged  from 
less  than  2 yg/1  (detection  Limit)  to  4.2  yg/1  during  dredging 
but  remained  below  the  detection  Limit  lurinj  tran  j rrt.  Nickel 
ncentration  t)  - near  i . • . w th<  letection 

Lmit  (1  ■ L)  luring  Igi  it  luring  trai  port  when  they 

ranged  froi  thai  t 6.  yg/1.  \rsenic  foil ow<  1 i 

simi  u ittern  wit  son  Lgl  i entrations  1 ind  i ur  i ng 

transport . 

Bay  Ridge  Channel  hopper  samples  metals  concentra- 
tions were  similar  to  the  Perth  Amboy  Channel  samples  in 
general  trends.  The  manganese  concentrations  during  dredging 
ranged  from  less  than  10  yg/1  to  1439  yg/1  and  remained  below  the 
lets  ti  Limil  lurinj  tran  rt  I lisj  sa)  site.  1 ron 

concentrations  ranged  from  below  5 yg/1  to  3234  yg/1  during 
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Table  462 

• ■ : • i : Perth  Ami  nm 

Hopper  Dredge  Samp 1 e s 
( Ug/1 ) 
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dredging  and  from  48.)  to  i# 7 2 pg/1  during  transport . There 
was  some  chromium,  nickel,  and  lead  release  during  dredging. 
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ranges  found  for  these  metals  in  the  sediment  grabs.  Hopper 
sample  ranges  were  1 *» 7 to  387  mg/kg  manganese,  55  to  1 SO  mg/kg 
zinc,  less  than  1 to  123  mg/kg  lead,  12  to  17  g/kg  iron,  and  1.5 
to  2.4  mg/ kg  mercury. 

N i t roi'.on  Compounds 

, » 

The  ammonium  data  for  selected . hopper  dredge  samples 
collected  during  dredging  ot  the  Perth  Amboy  Channel  and  trans- 
port to  disposal  site  are  presented  in  Table  465.  The  ammonium 
concentrations  of  samples  collected  when  the  dredging  was  in 
progress  ranged  between  8.3  and  40.7  mg  N/l,  The  samples  iol- 
lected  while  the  Essayons  was  in  transit  from  the  dredging  site 
to  the  disposal  site  ranged  from  5.0  to  28.1  mg  N/l.  The  con- 
ditions in  the  surface  of  hoppers  (presented  in  Table  460)  did 
not  seem  to  affect  the  ammonium  coneentrat ions . 

The  ammonium  data  for  t tie  selected  Hay  Ridge  hopper 
dredge  samples  collected  are  presented  in  Table  466.  The  am- 
monium concentrations  ranged  from  below  0.05  to  69.6  mg  N/l 
while  dredging  was  in  progress  and  between  13.5  and  49.4 
mg  N/l  after  dredging  stopped. 

Phosphoi 'ii:'.  Conipoum i : ; 

Table  467  presents  the  soluble  orthophosphate  con- 
centrations in  samples  collected  from  the  hoppers  of  the 
Essayons  during  dredging  of  the  Perth  Amboy  Channel  and 
transport  to  the  disposal  site.  After  filtration  through 
a 0.45  vi  pore  size  filter,  suspended  material  was  present  in 
all  samples.  Thev  were,  therefore,  refiltered  (in  their 
acidified  condition)  through  a 0.2  p pore  size  membrane 
filter  just  prior  to  analysis. 

For  four  of  the  five  dredging  runs,  soluble  ortho- 
phosphate concentrations  were  lowest  in  the  samples  taken  at 
the  beginning  of  the  run.  Concentrations  tended  to  increase 
during  the  interim  between  runs,  only  to  decrease  again  at 
the  beginning  of  the  next  run.  The  lowest  concentration  at 
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Table  465 


Ammonium  Data:  Perth  Amboy  Channel 
Hopper  Dredge  Samples  * 


Time 

Ammonium 

(hr : min ) 

(mg  N/l) 

7:25 

3 5.1 

7:30 

8 . 3 

7 : 35 

26 . 4 

7:43 

8 . 5 

7:45 

28.0 

7 : 50 

31  . 2 

7:  55 

12  . 3 

8:00 

10.5 

8 : 05 

26 . 8 

8 : 10 

37.7 

8:15 

11.0 

8:30 

33.3 

8:45 

40.7 

9:00 

37 . 7 

9 : 15 

26.8 

9:  30 

5.2 

9:45 

9 . 5 

10  : 00 

5.0 

10  : 15 

18.6 

10:30 

23 . 1 

10:45 

5 . 3 

11:03 

6 . 4 

11 : 17 

19.7 

11 : 30 

5 . 4 

11:50 

6 . 4 

12:02 

23.0 

12  : 15 

5 . 8 

12:30 

5 . 3 

12:45 

5.9 

13:05 

6 . 3 

*For  conditions  in 

hopper  as  well  as  information  on 

Essayons  dredging 
see  Table  460. 

activities  for  time  of  each  sample. 
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Table  466 

Ammonium  Data : Bay  Ridge  Channel 


Hopper  Dredge  Samples 


Time 
(hr: min) 


6 : 24 

3.5 

6 : 29 

20.7 

6 : 33 

8.5 

6:40 

<0.05 

6:45 

21.9 

7:07 

19.6 

7:  22 

69.6 

7 : 37 

19  . 3 

7 : 50 

9.5 

8:00 

11.7 

8 : 15 

14.6 

8 : 30 

13.5 

8:45 

49.4 

9 : 00 

44.1 

9 : 17 

9.2 

Ammonium 
( mg  N / 1 ) 


that  point  ranged  from  0.14  to  0.4  mg  P/1.  During  transport 
to  the  disposal  site  the  soluble  ortho  P concentrations  showed 
a tendency  to  increase  but  still  fluctuated. 

Concentrations  of  soluble  orthophosphate  in  the 
hopper  of  the  Kssayons  during  dredging  of  Bay  Ridge  Channel 
and  transport  to  the  disposal  site  are  presented  in  Table  468. 
The  concentration  varied  from  0.052  mg  P/1  to  18  mg  P/1  in 
a smooth  pattern  gradually  rising  from  the  initial  0.29  mg  P/1 
to  a maximum  at  the  beginning  of  the  second  dredging  run.  After 
decreasing  to  approximately  0.7  mg  P/1  after  the  third  run,  the 
concentration  increased  to  10  mg  P/1  and  then  began  to  decrease. 


i. 
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Table  467 


Soluble  Orthophosphate  Concentrations: 
Perth  Amboy  Channel  Hopper  Dredge  Samples"' 


Time 

(hr:min) 

Soluble  Ortho  P 

X 

(mg  P / 1 ) 

SD 

7:25 

0.40 

0.025 

7:30 

0 . 28 

0 

7 : 35 

0 .85 

0.025 

7:43 

0.72 

0 

7:45 

2.0 

- 

7:50 

0.78 

0 

7:55 

1 . 4 

0 

8 : 00 

0 .35 

0 

8:05 

0.78 

0 

8 : 10 

0.35 

- 

8 : 15 

1.2 

0.025 

8 : 30 

1.4 

0 

8:45 

0.32 

0 

9:00 

2.0 

0 

9:15 

0 . 14 

0 

9:30 

1 . 3 

0 

9:45 

0 .78 

- 

10:00 

0.95 

0 

10:15 

1 . 5 

0.025 

10  : 30 

2.1 

0.025 

10  : 45 

1.6 

0.025 

11:03 

3 . 1 

0.025 

11: 17 

2 . 4 

0.1 

11:30 

1 . 7 

0 

11:50 

1.3 

0.025 

12  : 02 

2 .2 

- 

12:15 

6 . 8 

0 

12:30 

1.2 

0 

12:45 

2.2 

0 

13  : 05 

1.8 

0 

Mean  and  standard  deviation  calculated  from  duplicate 
analyses  of  one  sample. 


*Samples  were  refiltered  through  a 0.2  pg/1  pore  size 
membrane  filter  prior  to  analysis. 


Dash  (-)  indicates  only  one  analysis  made. 
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Table  468 


Soluble  Orthophosphate  Concentrations  : 
Bay  Ridge  Channel  Hopper  Dredge  Samples" 


Time  Soluble  Ortho  P (mg  P/1) 

(hr:min)  X SD 


6 : 24 

0.29 

0 . 001 

6:29 

0.052 

0 

6:33 

4.5 

0.025 

6 : 40 

7.4 

0 

6:45 

8.2 

- 

7 : 07 

18 

0 . 1 

7 : 22 

6.0 

0 .025 

7 : 37 

10.2 

0 .025 

7 : 50 

4 . 6 

0.025 

8 : 00 

2.8 

- 

8 : 15 

0.68 

0 

8 : 30 

0.72 

0 

8 : 45 

10 

0.025 

9:00 

8 . 6 

0 

9:17 

4.0 

- 

Mean  and  standard  deviation  calculated  from  duplicate 
analysis  of  one  sample. 

Dash  (-)  indicates  only  one  analysis  made. 

*These  samples  were  refiltered  through  a 0.2  y pore 
size  membrane  filter  prior  to  analysis  due  to  the 
presence  of  some  suspended  material. 
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Field  Studies 

Three  dredged  material  disposal  operations  were 
monitored  on  August  31  and  September  1,  1976  in  order  to  eval- 
uate the  reliability  of  elutriate  tests  in  predicting  the 
amounts  of  contaminants  released  from  dredged  sediments  during 
their  openwater  dumping.  The  combinations  of  dredging  sites 
and  modes  of  disposal  were  chosen  so  that  an  evaluation  could 
be  made  of  the  differences  in  contaminant  release  during  barge 
dumping  (of  mechanically  dredged  sediment)  versus  hopper  dump- 
ing (of  hydraulically  dredged  sediment)  of  sediment  from  the 
same  general  area.  In  addition,  comparisons  were  made  between 
contaminant  release  patterns  resulting  from  hopper  dumping  of 
sediments  from  the  different  waterways.  All  dumping  took  place 
at  the  New  York  Bight  mud  dump  site.  The  location  of  the  mud 
dump  site  relative  to  the  New  York-New  Jersey  coast  is  shown 
in  Figure  143 . 

The  disposal  operations  were  monitored  using  two 
Corps  of  Engineers  ships,  the  Hatton  and  the  Hudson.  Monitor- 
ing the  disposal  from  two  properly  positioned  vessels  allowed 
estimations  to  be  made  of  the  time-concentration  relationships 
for  the  contaminants  released  to  the  water  column  during  dredged 
material  disposal.  In  addition,  since  the  surface  and  bottom 
currents  were  moving  in  opposite  directions,  the  use  of  two 
sampling  vessels  allowed  simultaneous  monitoring  of  contaminant 
release  in  both  surface  and  near-bottom  waters  during  one  dis- 
posal operation. 

In  conjunction  with  these  monitoring  studies,  Dr. 

R.  Gordon  and  study  group  from  Yale  University  conducted  a 
study  of  transmissivity  at  the  disposal  site  during  dredged 
material  disposal.  In  addition  to  making  this  information  avail- 
able to  the  UTD  dredged  material  study  group,  they  provided  in- 
formation on  sampling  vessel  positioning  relative  to  the  hopper 
dredge  or  barge  during  disposal  operations.  Further,  B.  Holli- 
day of  the  US  Army  Corps  of  Engineer  Waterways  Experiment  Sta- 
tion conducted  current  studies  at  the  disposal  site  during  these 
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operations.  This  information  was  also  made  available  to  the 
UTP  study  group. 

The  general  procedure  followed  for  monitoring  of  the 
dumping  operations  involved  temporarily  anchoring  the  sampling 
vessel  near  the  disposal  site  and  making  a number  of  current 
measurements  to  define  current  speed  and  direction  in  the  area. 
Based  or.  this  information,  the  sampling  vessels  were  positioned 
and  anchored.  The  captain  of  the  Es save ns  or  of  the  barge  tow- 
boat was  instructed  to  pass  the  anchored  ships  at  a certain  dis- 
tance from  them.  The  dumping  was  to  take  place  in  accord  with 
normal  dumping  procedures.  The  initiation  of  the  dump  was  con- 
trolled from  the  sampling  ships  so  that  the  main  turbid  cloud 
arising,  from  the  dump  would  pass  beneath  the  anchored  sampling 
vessels  within  a short  time  after  the  dump. 

During  disposal  operations,  the  velocity  and  direction 
of  the  current  were  monitored  with  a current  meter  on  board  the 
Hat  ton.  Profiles  of  percent  light  transmission,  P.O..  tempera- 
ture, salinity  and  pH  were  also  made.  Duplicate  water  samples 
were  taken  near  the  surface,  mid-depth , and  near  the  bottom  with 
submersible  pumps  throughout  the  monitoring  period.  The  hopper 
dredge  Hssayons , used  in  connect  ion  with  Perth  Amboy  Channel  and 
Bav  Ridge  Channel  dredging-disposal  operations,  is  the  largest 
hopper  dredge  owned  by  the  Corps  of  Engineers.  It  is  ipproxi- 
mately  525  feet  in  length  and  has  12  hoppers  with  a total  capa- 
city ot  5,270  cubic  yards . it  dredges  bv  sucking  sediment 
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Dump  No . 1 


During  the  first  two  monitored  disposal  operations, 
August  31,  1976,  the  weather  was  fair,  and  the  water  was  calm. 
The  air  temperature  was  approximately  70°F  (22°C).  The  depth 
of  the  water  column  at  the  disposal  site  was  about  28  m;  the 
Secchi  depth  was  3.0  meters.  The  physical  setting  at  the  dump 
site  during  Dump  No.  1,  for  which  8,270  cubic  yards  of  sedi- 
ment were  dredged  by  the  Essayons  from  Perth  Amboy  Channel, 
is  shown  in  Figure  144  . 

Water  column  optical  properties.  The  optical  prop- 
erties of  the  water  column  were  monitored  with  transmissometers 
from  both  sampling  vessels.  In  addition,  turbidity  measurements 
were  made  on  the  water  samples  collected.  R.  Gordon's  group 
from  Yale  University  was  aboard  the  Hatton.  They  used  two 
different  transmissometers.  One,  with  a 2 cm  light  path,  was 
generally  at  a fixed  position  near  the  bottom;  the  other,  with 
a 12  cm  light  path,  was  moved  up  and  down  through  the  wat'er 
column  during  the  study  period  in  order  to  define  the  height  of 
the  turbid  plume  arising  from  the  dumping  operation. 

On  the  Hudson , a Hydroproducts  Model  612-S  Trans- 
missometer  with  a 10  cm  light  path  was  used.  Vertical  profiles 
of  percent  light  transmission  were  obtained  before  and  after 
each  disposal  operation.  During  the  dumping  operations,  the 
transmissometer  was  maintained  at  a fixed  depth  from  which  per- 
cent light  transmission  was  monitored  during  passage  of  the 
turbid  plume. 

Figure  145  presents  the  turbidity  values  of  samples 
collected  aboard  the  Hatton  in  near-bottom  waters  during  Dumps 
No.  1 and  2.  These  values,  as  well  as  data  from  samples  col- 
lected at  other  depths,  are  presented  in  Table  469.  Table  470 
presents  similar  data  for  the  water  samples  collected  aboard 
the  Hudson  in  association  with  Dump  No.  1.  Examination  of  these 
tables  shows  that  during  Dump  No.  1,  the  surface  water  did  not 
significantly  change  as  a result  of  the  dumping  operation.  As 
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Figure  144 

Positions  of  Sampling  Vessels  at  Mud  Dump  Site 
During  Monitoring  of  New  York  Bight  Dump  No.  1 


Table  469 


Turbidity  Values:  New  York  Bight  Dump  Nos.  1 and  2 
Dredged  Material  From  Perth  Amboy  Channel 
and  Perth  Amboy  Anchorage 
(Collected  from  the  Hatton) 


Time 

(hr : min : sec ) 

Depth 

(m) 

Turbidity 
(NTU ) 

12:43:45 

0 . 5 

0 . 7 

12:44:00 

12 

3 

13:19  - 

Dump 

No.  1 occurred. 

13:21:15 

0 . 5 

3 

13 : 21 : 50 

24 

0.4 

1 3 : 2 3 : 1 5 

24 

_ 

13:23: 30 

0.5 

1 

13:23:50 

24 

340 

13:25:00 

2 4 

550 

13:25:30 

24 

420 

13:26:00 

24 

4 20 

13 : 26 : 30 

0.5 

4 

13:27:00 

24 

550 

13:27:15 

24 

400 

13:28:00 

24 

580 

13:28:30 

24 

630 

13 : 30 : 30 

24 

1020 

13:32:30 

24 

260 

1 3 : 3 4 : 3 0 

24 

5 5 

13:36:30 

24 

240 

13:  38:00 

2 ^ 

3 3 

13:41 : 30 

2 2 

1 50 

13:42:15 

0.5 

1 

13:52:30 

24 

120 

14:10:30 

2 4 

20 

14:31: 30 

24 

6 

14:52:  3 0 

24 

1 

14:53:30 

24 

12 

15:23:55 

0.  5 

0.6 

15:24:30 

24 

11 

15:32:30 

0.  5 

1 

15:41 : 30 

0.5 

0.8 

15:42: 00 

24 

16 

15:42:30 

0.5 

0 . 9 

15:43  - 

Dump 

No.  occurred. 

15:43:00 

24 

17 

15:44:00 

0 . 5 

0 . 6 

15:44:30 

24 

17 

15:45:00 

24 

21 

15:45: 3 0 

24 

9 80 

(Cent i nuod ) 
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Table  U6  9 (Concluded) 


Time 

( h r : m i n : s e c ) 

Depth 

(m) 

Turbid i t y 
(NTU ) 

15:46:00 

24 

1100 

15:46 : 30 

24 

3 20 

15:46  : 4 5 

24 

80 

15  : 47  : 00 

24 

0.7 

15:47:15 

24 

620 

15:47:15 

0.5 

0.9 

15:47:30 

24 

900 

15:47:45 

24 

540 

15:48:00 

24 

5 20 

15:48:15 

24 

580 

15:48:30 

24 

2 30 

15:48:45 

24 

250 

15:49:30 

24 

480 

15: 50: 30 

24 

36  0 

15:51:45 

24 

330 

15:52: 30 

24 

440 

15:54: 30 

0.5 

1 

15:55:00 

2 4 

270 

15:59:30 

24 

190 

16:10:00 

0.5 

0.9 

16 : 10 : 30 

24 

42 

16 : 10:30 

24 

45 

16 : 25 : 30 

0.5 

0 . 5 

16:26:00 

24 

24 

Dash  (-)  indicates  no  analysis  made. 


shown  in  Figures  146  and  147 , the  turbidity  of  the  near-bottom 
water  samples  did  change  significantly  immediately  following 
dumping.  As  expected,  there  was  a marked  increase  in  the  tur- 
bidity of  these  waters  during  the  passage  of  the  turbid  plume. 
Comparison  of  Figures  145  and  146  shows  that  there  was  a six- 
minute  delay  in  the  passage  of  the  turbid  plume  between  the 
Hatton  and  the  Hudson.  Markedly  elevated  turbidities  were 
present  in  the  near-bottom  waters  at  the  location  of  the  Hatton 
for  slightly  over  one  hour.  At  the  Hudson  the  duration  of  the 
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Table  470  (Concluded) 


i 


Time 

(hr : min : sec ) 

Depth 

(m) 

Turbidity 

(NTU) 

13:52: 00 

1 

0.6 

13:52:00 

12 

0 . 8 

13:52:00 

23 

25 

14  : 00 : 00 

23 

17 

14:12: 00 

23 

155 

14:20:55 

1 

2 

14:21:15 

12 

0.9 

14:21:15 

23 

24 

14 : 31: 05 

1 

1 

14:31:25 

12 

0 . 9 

14:31: 30 

23 

19 

14  : 58 : 55 

1 

4 

14:58:35 

12 

1 

14:59: 30 

23 

3 

elevated  turbidity,  based  on  turbidity  data  collected,  was 
also  approximately  one  hour. 

A comparison  between  Figures  145  and  146  shows  that 
during  the  time  period  when  few  water  samples  were  taken  and, 
therefore,  few  turbidity  measurements  made,  there  was  con- 
siderable fluctuation  in  the  amount  of  particulates  in  these 
waters  as  reflected  by  the  percent  light  transmission  data. 

Generalized,  somewhat  smoothed  plots  of  the  data 
from  Gordon's  study  are  presented  in  Figures  148  and  149. 
Examination  of  Figure  148  shows  that  the  transmissometer 
located  1 m off  the  bottom  read  zero  percent  light  trans- 
mission for  a period  of  30  minutes  during  the  passage  of  the 
turbid  plume.  After  that  time,  there  was  a general  trend  for 
increasing  bottom  water  percent  light  transmission  with  time. 
Figure  149  shows  a similar  pattern  for  the  percent  light  trans- 
mission at  23  m (2  m off  the  bottom).  However,  the 
percent  light  transmission  data  for  1 m and  14  m below  the 
surface  were  100  percent  throughout  the  passage  of  the  turbid 
plume.  These  results  indicate  that  the  turbidity  associated 
with  the  turbid  plume  moved  toward  the  Hatton  below  the 
thermocline. 
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From  data  provided  by  R.  Gordon 


Percent  light  transmission  was  measured  in  the  water 
column  at  the  Hudson  before  and  after  the  first  disposal  opera- 
tion. The  plot  of  the  data  is  presented  in  Figure  150.  The 
pre-disposal  profile  shows  that  the  water  down  to  the  depth  of 
JO  meters  had  relatively  homogeneous  percent  light  transmission 
with  a range  of  80  to  30  percent.  Below  20  meters  the  trans- 
missivity of  the  water  decreased  rapidly  with  depth. 

The  post-disposal  profile  showed  a slight  incr'ease 
over  pz^e-disposal  values  in  the  percent  transmission  to  a depth 
of  16  meters  whei'e  the  light  transmission  decreased  rapidly. 
These  results  also  indicate  that  about  one  hour  after1  the  dump 
the  tuz^bidity  of  the  bottom  waters  was  slightly  higher1  than 
it  had  been  prior1  to  the  dump. 

During  the  first  disposal  operation,  the  transmis- 
sometei1  was  kept  at  a depth  of  25  metei’s,  and  leadings  were 
taken  periodically  during  the  disposal  operations  for  approx- 
imately  one  hour.  The  data  collected  are  presented  in  Figure 
147.  A sharp  decrease  in  the  percent  light  transmission  at  a 
depth  of  2.5  meters  was  noted  shortly  after  the  disposal 
occurred.  The  values  fluctuated  aftei1  the  disposal,  remaining 
mostly  below  the  15  percent  light  transmission  level.  The 
reading  did  not  z'etui'n  to  pre-disposal  values  dui’ing  the  one- 
hour  monitoring  pei’iod. 

Currents ■ As  shown  in  Table  471,  mid-depth  to  bottom, 
pre-dump  currents  at  the  mud-dump  site  ranged  in  speed  from  0.42 
to  0.61  knots  and  appeai'ed  to  deci^ease  with  depth  below  13  m. 

The  currents  ranged  in  direction  from  330  to  229°  magnetic  with 
increasing  depth.  Table  472  presents  the  current  data  which 
show  the  effect  of  the  disposal  on  the  speed  and  direction  of 
currents  2 meters  off  the  bottom.  Cui'rent  velocity  rose  fi’om 
0.2  to  0.25  knots  before  disposal  began,  to  0.79  knots  two 
minutes  aftei1  disposal  ceased.  It  then  deei'eased.  The  dii'ee- 
tion  of  the  current  did  not  appear  to  have  been  greatly  affected 
by  the  disposal  of  the  dredged  material. 
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Depth  (m) 


0 


Percent  Light  Transmission 
Figure  150 

Water  Column  Profiles:  Percent  Light  Transmission 
New  York  Bight  Dump  No.  1 Hudson 
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Table  471 


Background  Current  Data:  New 

York  Bight 

Disposal  Operations 

August  31,  1976 

Depth 

Direct  ion 

Speed 

(m) 

(°magnetic) 

(knots ) 

10 

330 

0.50 

15 

290 

0.47 

19 

272 

0.61 

22 

270 

0.53 

25 

239 

0.50 

27 

229 

0.42 

Data  provided  by  B.  Holliday,  CF-WES. 

Dissolved  oxygen,  temperature, 

salinity,  and  pH. 

to  the  disposal  operations,  water  column  profiles  of  D.O.,  tem- 
perature, salinity,  and  pH  were  made  at  the  disposal  site;  the 
data  are  presented  in  Table  473 . These  data  indicate  that  the 
depth  to  the  thermocline  was  between  16  and  18  meters.  The  tem- 
perature ranged  from  19.5°C  at  the  surface  to  10.5°C  at  the 
bottom.  Dissolved  oxygen  concentrations  ranged  from  8.1  mg/1  at 
the  surface  to  1.4  mg/1  at  the  bottom.  Figure  151  graphically 
shows  the  sharp  decrease  in  both  parameters  below  16  meters. 

The  salinity  increased  from  29.0  °/oo  to  32.8  °/oo,  surface  to 
bottom.  The  pH  of  the  disposal  site  water  decreased  with  depth 
from  7.7  to  7.0. 


1019 


Table  47  2 


Bottom  Current  Velocity  and  Direction:* 
New  York  Bight  Dump  No.  1 


Time 

(hr :min: sec) 

Speed 
(knots ) 

Direction 
( “magnetic ) 

12 

46  : 

00 

0.25 

230 

13 

02 

00 

0.22 

182 

13 

07  : 

00 

0.24 

214 

13 

16  : 

00 

0 . 18 

190 

13: 

: 19  - 

- Dump 

began. 

13 

19  : 

00 

0 . 29 

222 

13 

20 

00 

0.35 

235 

13 

20 

30 

0.38 

238 

13 

21 

00 

0.40 

239 

13: 

: 21  - 

- Dump 

stopped. 

13 

21 

30 

0.41 

241 

13 

22 

00 

0.45 

240 

13 

22 

30 

0 .68 

220 

13 

23 

00 

0.79 

220 

13 

23 

30 

0 .62 

190 

13 

24 

00 

0.52 

155 

13 

24 

30 

0.46 

170 

13 

25 

00 

0.35 

220 

13 

26 

00 

0.35 

240 

13 

26 

30 

0 .42 

235 

13 

27 

30 

0.33 

220 

13 

28 

00 

0.20 

188 

13 

2S 

00 

0 . 10 

155 

13 

30 

00 

0.10 

215 

13 

31 

00 

0.21 

221 

13 

32 

30 

0.33 

240 

13 

33 

00 

0.38 

248 

13 

33 

30 

0.40 

248 

13 

34 

00 

0.39 

245 

13 

35 

00 

0.21 

215 

13 

35 

30 

0.18 

180 

*Current  meter  set 

Data  provided  by  B. 

at  29  m,  about  2 m off 

. Holliday,  CE-WES. 

bottom. 
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Table  473 


Pre- 

Disposal*  Water 

Column  Profile: 

New  York  Bight  Di 

sposal  Sice 

August  31, 

1976 

Depth 

Temp 

D.O. 

Sa 1 ini  tv 

PH 

(m) 

(°C) 

(mg/1 ) 

( °/oo ) 

0.  5 

19.5 

8.  1 

79.0 

7 . 7 

3 

1 9 . 5 

7.6 

30.5 

7 . 6 

6 

1 9 . 5 

7 . i 

3 0.5 

7 . 6 

9 

1 9 . 5 

7.4 

31.7 

7 . 7 

12 

19.0 

6 . 2 

31.7 

7.6 

15 

17.0 

6 . 5 

3 7.8 

7.6 

18 

1 6 . 0 

7 . 3 

32.8 

7 . 7 

17 

1 5 . 5 

6 . 3 

37.8 

7.6 

18 

15.0 

5 . 8 

3 2.8 

7.6 

19 

14.0 

4 . 6 

32.8 

7 . 5 

20 

13.0 

3 . 7 

37.8 

7 . 3 

21 

11.0 

2.7 

32.8 

7.0 

24 

1 0 . 5 

1 . 8 

37.8 

7 . 0 

25.5 

10.  5 

1 . 4 

37.8 

7 . 0 

Time  - 10:28. 

Table  474  and  Figures  152  and  153  present  the  data 
for  the  pre-  and  post-disposal  D.O.,  temperature,  salinity, 
and  pH  profiles.  There  was  no  appreciable  change  noted  in 
the  salinity  and  pH  between  the  two  profiles.  The  pre-disposal 
profiles  showed  a decrease  in  both  temperature  and  D.O.  in  the 
bottom  8 meters  (18,  21,  24.5  meter  samples).  The  post-disposal 
profiles  indicate  a relatively  homogeneous  system  below  18  m 
with  an  increased  D.O.  level  near  the  bottom  as  compared  to 
pre-disposal  levels. 
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Table  474 

Pre-  and  Post-Disposal  Water  Column  Profile! 
New  York  Bight  Dump  No.  1,  Dredged 
Material  from  Perth  Amboy  Channel 


Designation  Depth  Temp  D.O.  Salinity 

and  Time  (m)  (°C)  (mg/1)  (°/oo)  pH 


Fre-Disposal 

(12:25) 


0.  5 

19.5 

7 . 5 

3 0.5 

8 . 5 

3 

19.5 

7 . 4 

30.5 

8 . 3 

6 

19.0 

6 . 8 

30.5 

8 . 0 

9 

19 . 0 

6 . 8 

30.5 

7 . 9 

12 

19 . 0 

0 . 2 

31 . 2 

7 . 8 

15 

17.0 

6 . 2 

32.0 

7.9 

18 

15.0 

5 . 2 

3 2.8 

7 . 8 

21 

12.2 

3.1 

32.8 

7 . 5 

25.5 

10.0 

1 . 7 

32.8 

7 . 4 

Post-Disposal 

(13:37) 


0.  5 

19 . 5 

7.8 

30.5 

8.0 

3 

19 

7 . 8 

30.5 

8 . 1 

6 

19 

7.0 

30.5 

8 . 1 

9 

18.5 

0 . 6 

31  . 2 

8 . 1 

1? 

1 7 

6.  3 

32.8 

8 . 2 

15 

15 

5 . 4 

32.8 

8 . 1 

18 

12.5 

2.  P 

32.8 

7 . 7 

21 

12 

2 . 4 

32.8 

7 . 7 

2 4.5 

12 

2 . 3 

33.5 

7 . 8 

10  2 3 


Depth  (m) 


Dissolved  Oxygen  (mg/1) 


Figure  153 

Post-Disposal  Water  Column  Temperature  and  Dissolved 
Oxygen  Profile:  New  York  Bight  Dump  No.  1: 
Hatton 
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Figure  154  its  a plot  of  the  D.O.  concentrations  at 
24.5  m at  the  iia t ton  during  disposal.  Approximately  tour  min- 
utes after  disposal  was  completed,  there  was  an  increase  in  t lie 
D.O.  levels.  The  highest  concentration  (a  1.4  mg/1  increase 
over  background  levels)  was  the  2.9  mg/1  observed  at  12:21:45 
hours.  The  D.O.  remained  elevated  at  approximately  2.2  mg/ 1 
for  a period  but  returned  to  background  concent  rat  ions  at  15:98, 
when  the  pre-disposal  profile  for  Dump  No.  2 was  made.  The  ob- 
served increase  in  D.O.  concentrations  near  the  bottom  and  t he 
homogeneity  oi  the  lower  8 meters  ot  water  was  most  likely 
caused  by  mixing  ot  surface  waters  with  the  waters  below  the 
thermocline.  The  rapid  descent  ol  the  dredged  sediments  upon 
dumping  and  entrainment  of  surface  waters  into  the  bottom  waters 
resulted  in  an  increased  D.O.  in  these  waters. 

Temperature,  D.O.  pH,  and  specific  conductance  in  the 
water  column  were  also  monitored  from  the  Hudson  by  the  Corps 
of  Engineers-New  York  District  personnel  using  their  PLESSEY 
Environmental  Systems  (Model  8500).  This  unit's  sensor  was 
raised  and  lowered  through  the  water  column  during  the  moni- 
toring of  the  dump  to  determine  changes  in  these  parameters 
throughout  the  water  column  during  the  course  of  the  study. 

Data  collected  with  the  PLESSEY  unit  during  Dump  No.  .1  are  pre- 
sented in  Table  475.  Pre-dump  (12:43-13:07  hours)  and  post-dump 
(15:00-15:07  hours,  after  passage  of  the  turbid  cloud),  temper- 
ature, and  D.O.  profiles  are  also  presented  in  Figure  155.  This 
figure  shows  that  before  disposal , D.O.  concentrations  ranged 
from  about  8 mg/1  near  the  surface  to  uero  near  the  bottom,  with 
a thermocline  at  about  the  18-18  m depth.  Temperature  varied 
with  depth  from  19.5  to  about  10°C  near  bottom.  The  patterns 
and  values  of  these  two  parameters  were  essentially  the  same  as 
they  had  been  just  prior  to  disposal  near  the  Hatton  ( Table  474, 
Figure  152)  except  that  D.O.  concentrations  below  the  15  m depth 
were  somewhat  lower  at  the  Hudson  than  at  the  Hatton . 

As  shown  in  Figure  155,  the  post-dump  D.O.  levels  were 
higher  than  pre-dump  levels  down  to  about  4.5  m.  Between  10  and 
about  20  m,  post-dump  levels  were  less  than  pre-dump  levels. 


Ta  b 1 e 4 6 


Di 

aso 1 ved 

Oxygen,  Temper. 

iture,  pH  and  Specific 

Conduct. 

nice  Profiles;-* 

New  York  Bight 

Dump  No.  1 

(Collected  from  the 

Hudson ) 

Dissolved 

Time 

Dept  h 

Oxygen 

Tempera  t ure 

a 1 i ni t v 

hr : min ) 

(in) 

(mg/ 1 ) 

(°C) 

PH 

12:43 

1 

7 . 5 

19 

5 

9.  1 

30. 2 

12:45 

2 

7 . 1 

19 

1 

9 . 0 

3 0 . 3 

12:46 

3 

6 . 9 

13 

9 

3 . 7 

30.4 

12:47 

4 . 5 

6 . 9 

13 

9 

8 . 0 

3 0 . 3 

6 

6 . 4 

13 

9 

9 . 0 

30.3 

6 

5 . 9 

13 

9 

8 . 0 

30.4 

10 

5 . 3 

1 9 

9 

3 . P 

30.4 

12:4  4 

12 

5.0 

1 9 

9 . 0 

3 0.9 

12:52 

14 

5 . 9 

1 7 

3 . 0 

3 2.1 

16 

5 . 9 

16 

5 

3 . 0 

3 2.1 

17 

4 . 0 

14 

c. 

7 . 7 

3 2.1 

12:64 

19 

2 . 2 

13 

1 

’7  . 6 

31.2 

21 

0 

1 0 

4 

7 4 

3 2 . 1' 

2 3 

0 

9 

9 

•’  . 4 

3 2.5 

12:58 

25 

1 . 6 

q 

9 * 

7 . 4 

3 2 . 6 

1 3 : OO 

1 

6.  5 

19 

t. 

3 . 1 

3 P . 2 

7 . 7 

1 9 

3 

3 . 1 

3 P . 2 

3 

" . 4 

19 

0 

9 . 1 

3 P . 2 

4 . 6 

6 . 9 

13 

9 

3 . 1 

3 P . 3 

6 

6 . 9 

13 

8 

Q 1 

3 P . 3 

3 

6.  1 

1 3 

9 

3 . 0 

3 P . 3 

10 

5 . 6 

1 3 

7 

3 . P 

3 P . 4 

1 2 

6 4 

1 3 

i. 

9 . P 

3 0.6 

14 

5 . 9 

1 7 

i \ 

9 . 0 

9 , 9 

16 

5.6 

16 

\ 

7 , 9 

9 ; . 3 

13:05 

17 

4 . 2 

1 4 

3 

7 . 8 

3 : . o 

19 

2 . 3 

1 2 

9 

7 . 6 

3 ; . n 

13  : 0" 

2 1 

0 

1 1 

3 3 . 3 

3 

13:  19  - 

0 

Dump  No.  1 oci 

i n 

'urred . 

l 

7 . 4 

- 

13:25 

1 

6 . 2 

1 9 

6 

3 . 1 

- 

; 

3 . 3 

1 9 

s 

3 . 1 

_ 

3 

9 . 1 

1 9 

1 

9 . P 

- 

4 . 5 

6.7 

19 

9 

3 . 0 

- 

6 

6 . 2 

13 

9 

3 . 0 

- 

13:25 

3 

6 . 1 

1 3 

9 

3 . P 

- 

10 

6 . 1 

1 3 

3 . P 

- 

12 

c ' 

1 3 

3 

■’  . 9 

- 

14 

s . £ 

1 " 

6 

" , q 

- 

/ oo ) 


( Con  t i ruled  > 


Tab  It’  4 7 '.i  (Continued) 


I'i  ssol  vet 


Time 
hr- : min ) 

Dept  h 
(m) 

Cxvgen 
( mg  ' 1 ) 

Temper 

(°C 

ature 

pH 

Salinity  (°/oc 

16 

5.  3 

16 

4 

7 . 8 

_ 

17 

4 . 1 

1 4 

1 

7 _ 7 

- 

19 

2.  0 

1 2 

u 

7 . 5 

- 

21 

0 

10 

? 

7 . 4 

- 

2 3 

0 

q 

9 

7.4 

- 

12:29 

2 5 

0 

0 

3 

7 . 4 

24 

0 

1 1 

6 

7 . 4 

- 

2 3 

0 

1 0 

3 

7 . 4 

- 

21 

0 

1 1 

6 

7 . 4 

~ 

19 

0 

1 3 

3 

n 

- 

17 

4 . 2 

15 

q 

7 7 

- 

16 

6 . 5 

1 7 

2 

7 . 8 

- 

14 

7 . 0 

13 

0 

7 , 0 

- 

12 

4 . 7 

1 8 

7 , 9 

- 

10 

5 . 9 

18 

*7 

3 . 0 

3 

6.5 

13 

7 

8 . 0 

- 

6 

6 . 1 

13 

9 

8 . 0 

4 . 5 

6 . 0 

1 8 

3 

3 . 0 

3 

6 . 4 

1 4 

1 

3 . 1 

2 

3 . 0 

14 

s 

8 . 1 

- 

13  : 34 

1 

3 . 0 

19 

5 

8 . 1 

13:33 

1 

7 . 5 

19 

c, 

8.  1 

_ 

•y 

7 , 3 

19 

s 

8 . 1 

- 

3 

n 

14 

1 

8 . 0 

- 

4 . 5 

6 . 5 

1 8 

3 

8 . 0 

- 

6 

5 . 9 

1 8 

3 

8 . 0 

- 

3 

5 . 3 

1 3 

7 

7 . 9 

- 

10 

5.  1 

1 8 

4 

7 , 9 

- 

12 

4 . 0 

17 

7 

7 . 9 

- 

14 

5 . 5 

1 7 

i 

7 . 4 

- 

16 

5 . 5 

16 

3 

7 . 8 

- 

17 

4 . 3 

14 

t, 

7 ~y 

_ 

19 

2 . 5 

12 

3 

1 

- 

21 

0.3 

1 1 

7 t 

- 

23 

0 

11 

0 

7 . 4 

- 

13:44 

24 

0 

10 

7 

7 . 4 

13:33 

1 

7 . 5 

19 

8 . 1 

2 

7 . 8 

14 

c, 

8 . 1 

_ 

3 

7 . 5 

I'i 

1 

8 . 0 

- 

(Cent inued) 
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Table  475  (Concluded) 


Time 
(hr :min) 

Depth 

(m) 

Dissolved 
Oxygen 
(mg/1 ) 

Temperature 

(°C) 

pH 

Salinity  (°/oo) 

4.  5 

6.  5 

18.8 

8 . 0 

- 

6 

5.9 

18.8 

8 . 0 

- 

8 

5 . 8 

18  . 7 

7.9 

- 

10 

5.1 

18.4 

7 . 9 

- 

12 

4.0 

17 . 7 

7 . 4 

- 

14 

5 . 5 

17  . 1 

7 . 4 

- 

16 

5 . 5 

16  . 3 

7 . 8 

- 

17 

4 . 3 

14.5 

7 . 7 

- 

19 

2.  5 

12.8 

7 . S 

- 

21 

0. 3 

11.5 

7 . 5 

- 

2 3 

0 

11.0 

7 . 4 

- 

24 

0 

10.7 

7 . 4 

15:00 

1 

8.7 

19  . 5 

8 . 1 

3 0.3 

o 

4 

9 . 0 

19.5 

8.  1 

3 0.2 

3 

8.8 

19.2 

8 . 1 

30.2 

4 . 5 

7 . 6 

18.8 

7 . 9 

30.4 

6 

6.4 

18.8 

7 0 

30.4 

8 

6.5 

18.7 

7 . Q 

30.4 

10 

5 . 8 

18.6 

7 . 4 

30.4 

12 

4 . 4 

17.1 

7 . 8 

31.5 

14 

3 . 5 

17.p 

7 # g 

32 . 0 

15:05 

16 

5.6 

15.9 

7 . 8 

32.0 

17 

3.0 

13.6 

7 . 6 

3 2.1 

19 

1 3 

12 . 0 

7 . 5 

3 2.1 

21 

0.15 

11.1 

7 . 4 

- 

15:07 

23 

0 

5 . 8 

7 . 4 

^Measurements  made  using  PLESSEY  Environmental  Systems  Model 
4500  Digital  Display  - owned  and  operated  bv  Corps  of 
Engineers  New  York  District. 


Dash  (-)  indicates  no  measurement  male. 


1030 


Dissolved  Oxygen  ( m g / 1 ) 
2 ■»  6 8 <0 


2 4 6 8 10  12  i«  '6  8 20 

Temperature  (°C) 


Figure  155 

Pre-  and  Post-Dump  Water  Column  D.O.  and  Temperature  Profiles:* 
New  York  Bight  Dump  No.  1 - Hudson 

* 

Measurements  made  by  COE  Personnel  using  PLESSEY 
profiling  system. 

* * , . , 

Plotted  values  are  means  of  two  profile  measurements 

made  approximately  15  min.  apart,  10  to  40  min.  prior 

to  dump. 
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The  D.O.  levels  at  21  m and  below,  both  pre-  and  post-dump 
were  zero  or  essentially  zero.  The  surface  waters  were  at 
essentially  saturation  for  the  temperature  and  salinity  of 
that  water. 

It  is  difficult  to  interpret  the  profile  data  during 
the  dump  since,  as  shown  by  the  data  collected  at  the  Hatton , 
the  measured  parameters  are  highly  variable  during  the  passage 
of  the  turbid  plume. 

Heavy  metals.  Tables  476  and  477  present  heavy  metal 
data  for  Dump  No.  1.  At  the  Hatton , which  was  the  closer  sam- 
pling vessel  to  the  disposal  area,  small  increases  of  zinc  and 
iron  were  found  near  the  bottom  within  three  or  four  minutes 
after  the  dump.  The  increases  coincided  with  the  onset  of 
high  turbidity.  Zinc  concentrations  reached  50  yg/1  11.5  min- 
utes after  the  dump.  In  the  near-bottom  waters  they  remained 
elevated  for  35  minutes.  There  was  an  increase  in  soluble  iron 
which  also  coincided  with  the  passage  of  the  turbid  plume.  The 
peak  concentrations  were  82  to  75  pg/1  at  6 minutes  after  the 
disposal.  Background  concentrations  were  below  the  detection 
limit  of  5 Mg/1.  A second  increase  occurred  8 to  9 minutes 
after  disposal.  There  was  also  a slight  increase  in  nickel  be- 
tween 8 and  13.5  minutes  after  the  dump. 

Increases  in  manganese,  cadmium,  iron,  and  mercury 
occurred  after  the  plume  had  passed.  Manganese  reached  67  yg/1 
33.5  minutes  after  the  dump,  and  cadmium  reached  1.0  pg/1  with- 
in 22.5  minutes  of  the  dump.  Iron  ranged  from  22  to  65  Mg/1 
during  the  period  from  22.5  to  73.5  minutes  after  disposal. 
Mercury  concentrations  increased  to  0.026  Mg/1  in  several 
samples  taken  during  this  period.  There  were  no  significant 
changes  in  chromium,  copper, or  arsenic  concentrations  as  a 
result  of  this  dump. 

The  Hudson  was  approximately  100  m down  bottom  cur- 
rent from  the  Hatton ■ The  bottom  plume  reached  the  Hudson 
about  8 minutes  after  the  dump.  Soluble  heavy  metals  on 
Hatton  samples  showed  trends  similar  to  those  seen  in  the 
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Dash  (-)  indicates  insufficient  sample  for  analysis. 
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samples  collected  aboard  the  Hudson.  There  were  releases  of 
zinc  and  iron  in  the  mid-depth  and  near-bottom  waters  which 
corresponded  with  the  arrival  of  the  turbid  plume.  During 
the  passage  of  the  plume,  zinc  concentrations  ranged  from 
13.7  to  33.3  yg/1  in  the  near-bottom  waters  and  from  below 
1 to  59.2  yg/1  in  the  mid-depth  samples.  The  elevated  levels 
seen  in  the  surface  samples  were  probably  due  to  contamination 
from  the  discharge  of  the  deep  water  sample  hose  pump  to  the 
surface  waters  at  the  side  of  the  ship.  The  iron  concentra- 
tions in  the  near-bottom  water  samples  ranged  from  74  to 
439  yg/1.  There  were  two  mid-depth  samples  that  contained 
elevated  iron  concentrations  (38  and  85  yg/1). 

The  patterns  of  delayed  increase  of  manganese, 
cadmium, and  iron  seen  at  the  Hatton  were  not  seen  at  the 
Hudson , 100  m down  bottom  current.  After  arrival  of  the 
plume,  there  were  occasional  elevated  levels  of  manganese  and 
cadmium.  The  highest  manganese  level  was  89  yg/1  at  13:33:10 

hrs , and  the  highest  cadmium  concentration  was  1.5  yg/1  at 
13:29:10  hrs.  Iron  concentrations  continued  to  increase  after 
the  plume  passed,  rather  than  decreasing  to  below  the  detection 
limit  and  rising  again  (as  they  had  done  at  the  Hatton ) . 

Mercury  concentrations  rose  during  the  plume  pas- 
sage, from  less  than  0.005  yg/1  background  levels  to  peaks  of 
0.125  yg/1  at  the  bottom  (13:29:55  hrs)and  0.185  yg/1  at  mid- 
depth (13:32:45  hrs).  Arsenic  also  increased,  from  background 
levels  below  10  yg/1  to  60  yg/1  near  the  bottom,  32.7  yg/1  at 
mid-depth  and  98.9  yg/1  at  the  surface.  The  latter  concentra- 
tions probably  resulted  from  the  contamination  of  surface 
waters  from  the  discharge  of  the  deep  water  sample  hose  pump. 
There  were  no  changes  in  concentrations  of  nickel,  chromium, 
lead,  or  copper  during  the  monitoring  period. 
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Nitrogen  compounds.  The  ammonium  data  for  the  water 
samples  collected  from  the  Hatton  during  Dumps  No.  1 and  2 are 
presented  in  Table  478.  This  table  shows  that  during  Dump  No. 

1,  ammonium  concentrations  in  the  surface  water  samples  were 
not  affected  by  the  dumping  operation.  Table  478  and  Figure  156 
show  that  in  the  bottom  waters,  ammonium  increased  sharply  and 
then  decreased.  This  was  followed  by  two  more  peaks;  concen- 
trations finally  leveled  off  near  pre-dump  ambient  concentra- 
tions. The  first  increase  in  concentration  was  observed  about 
five  minutes  after  the  disposal  concentration  returned  to 
essentially  ambient  levels  after  one  hour.  All  samples  col- 
lected during  Dump  No.  1 had  nitrate  concentrations  less 
than  0.04  mg  N/l . 

The  ammonium  and  nitrate  data  for  the  water  samples 
collected  from  the  Hudson  during  Dump  No.  1 are  shown  in  Table 
479.  Surface  and  mid-depth  concentrations  were  not  affected 
by  Dump  No.  1 as  was  also  observed  for  samples  collected  from 
the  Hat  ton . Ammonium  concentrations  in  the  near-bottom  waters 
are  presented  graphically  in  Figure  157.  Ammonium  in  the  near- 
bottom water  increased  sharply  about  nine  minutes  after  the 
dump;  the  magnitude  of  release  was  almost  the  same  as  that 
obsei'ved  from  samples  collected  aboard  the  Hatton . Ammonium 
showed  some  fluctuation  and  finally  returned  to  the  ambient 
level  after  about  1.5  hours.  There  were  no  apparent  effects 
of  the  dump  on  nitrate  concentration. 

Phosphorus  compounds.  Table  480  presents  the  soluble 
orthophosphate  concentrations  in  samples  collected  from  the 
Hatton  during  Dumps  Nos.  1 and  2.  The  soluble  ortho  P concen- 
trations at  the  Hudson 1 s location  during  Dump  No.  1 are  pre- 
sented in  Table  481 • Prior  to  the  disposal  of  the  Perth  Amboy 
Channel  sediment,  the  surface  soluble  ortho  P concentration  was 
0.04  4 mg  P/1  at  the  Hat  ton  and  at  or  less  than  0.01  mg  P/1 
(detection  limit)  at  the  Hudson.  Mid-depth,  pre-disposal  con- 
centrations were  0.032  mg  P/1  at  the  Hatton  and  at  or  less  than 
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Table  478 

Ammonium  Concentration:  New  York  Bight 
Dump  Nos.  1 and  2,  Dredged  Material 
from  Perth  Amboy  Channel 
(Collected  from  the  Hatton) 


Time 

(hr :min : sec ) 

Depth 

(m) 

Ammonium 
(mg  N/l) 

12  : 

: 4 3 : 

: 45 

0.5 

0. 

, 08 

12  : 

: 4 4 : 

: 00 

12 

0. 

.12 

13:19: 

: 00  - Dump  No.  1 o- 

urred . 

13 

21 

15 

0.5 

0 , 

,10 

13 

21 

50 

24 

0. 

. 17 

13 

2 3 

15 

24 

0. 

. 17 

13 

23 

30 

0.5 

0. 

.10 

13 

23 

50 

24 

1. 

, 37 

13 

25 

00 

24 

0. 

.74 

13 

25 

3 0 

24 

0 . 

,78 

13 

26 

00 

24 

0. 

.71 

13 

26 

30 

0.5 

0. 

,11 

13 

27 

00 

2 4 

0, 

, 57 

13 

27 

15 

24 

0. 

. 57 

13 

28 

00 

25 

0 . 

. 91 

13 

28 

3 0 

24 

0. 

.35 

13 

30 

30 

24 

0. 

.92 

13 

32 

30 

24 

0. 

. 11 

13 

34 

3 0 

24 

0. 

.28 

13 

36 

3 0 

24 

0. 

. 39 

13 

38 

00 

22 

0. 

,25 

13 

41 

3 0 

22 

0, 

, 3 9 

13 

42 

15 

0.5 

0. 

, 09 

13 

52 

30 

24 

0. 

, 52 

14 

10 

30 

24 

0. 

,39 

14 

31 

3 0 

24 

0. 

,27 

14 

52 

30 

24 

0. 

, 09 

14 

53 

3 0 

24 

0. 

.21 

(Continued ) 
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Table  478 (continued ) 


Time 

(hr:min : sec) 

Depth 

(m) 

Ammonium 
(mg  N/l) 

15:23:55 

0.5 

0.09 

15:24:30 

24 

0.21 

1 5 : 3 2 : 3 0 

0.5 

0.06 

15:41:30 

0.5 

0.07 

15:42:00 

24 

0.20 

15:42:30 

0.5 

0.07 

15:43:00 

24 

0.23 

15:44:00 

0.5 

0.08 

15:44:30 

- Dump  No.  2 occurred 

15:44:30 

24 

0.20 

15:45:00 

24 

0.11 

15:45:30 

24 

2.4  3 

15:46:00 

24 

1.26 

15:46:30 

24 

1 . 94 

15:46:45 

24 

0.14 

15:47:00 

24 

0.2  0 

15:47:15 

24 

1.75 

15:47: 15 

0.5 

0.11 

15:47:  30 

24 

1.86 

15:47:45 

24 

1.4  0 

15:48  : 00 

24 

0.8  9 

15:48 : 15 

24 

l . 00 

15:48: 30 

24 

0.95 

15:48:45 

24 

0 . 3 4 

15 : 4 9 : 30 

24 

0.55 

15:50:30 

24 

0.8  3 

15:51:45 

24 

0.7  5 

15:52:30 

24 

( Cont i nued ) 
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Table  478  (Concluded) 


Time 

( hr : min : sec ) 

Depth 

(m) 

Ammonium 
(mg  N/l ) 

15 : 54  : 30 

0.5 

0.08 

15:56:00 

24 

0.61 

15:59:30 

24 

0.33 

16:10:00 

0.5 

0.08 

16:10:30 

24 

0.40 

16  : 10 : 30 

24 

0.41 

16:25:30 

0.5 

0.11 

16:26:  00 

24 

0.24 

0.01  mg  P/1  at  the  Hudson.  Concentrations  in  the  bottom  water 
prior  to  the  increase  in  turbidity  due  to  the  bottom  turbid 
plume  were  about  0.055  mg  P/1  at  the  Hatton  and  ranged  from 
below  0.01  to  0.049  mg  P/1  at  the  Hudson ' s location. 

There  appeared  to  be  an  increase  in  soluble  ortho  P 
concentrations  in  the  bottom  waters  at  both  sampling  locations 
with  concomitant  increases  in  turbidity.  At  the  Hatton , which 
was  250-450  in  down  bottom  current  from  the  hopper  dredge  during 
disposal,  maximum  concentration  in  the  bottom  water  (0.24  mg  P/1) 
was  observed  eight  minutes  after  disposal.  At  the  Hudson , the 
maximum  concentration  in  the  bottom  water  was  found  about  nine 
minutes  after  the  dump  took  place.  Although  the  turbidity  values 
corresponding  to  two  maxima  were  approximately  the  same,  the 
maximum  soluble  ortho  P in  the  bottom  waters  at  the  Hudson , 

0.16  mg  P/1,  was  less  than  it  had  been  at  the  Hatton.  The  ele- 
vated soluble  ortho  P concentrations  at  the  Hatton  lasted  for 
about  15  minutes.  However,  instead  of  returning  to  pre-disposal 
levels,  they  leveled  off  between  0.087  and  0.10  mg  P/1  until 
the  next  dump  (about  1.5  hours  after  the  first  dump).  The  high 


Table  479 


Ammonium  and  Nitrate 

Data  : 

Dump  No.  1 

New  York  Bight  Mud  Dump  Site 

(Collected  from  the  Hudson) 

(mg  N / 1 ) 

(hr : 

Time 

min : sec ) 

Depth 

(m) 

Ammonium 
(mg  N/l ) 

Nitrate 

12 

51 

20 

1 

0. 

08 

0. 

, 04 

12 

52 

55 

12 

<0. 

05 

<0. 

, 04 

12 

52 

55 

23 

0. 

11 

0. 

, 04 

12 

55 

30 

1 

<0. 

05 

<0, 

, 04 

12 

55 

35 

12 

0. 

24 

0 . 

. 04 

12 

5 5 

45 

23 

0. 

18 

0. 

. 04 

13 

01 

25 

1 

<0. 

05 

0. 

. 04 

13 

01 

35 

23 

0. 

16 

0. 

. 04 

13 

01 

55 

12 

0. 

09 

0. 

, 04 

13  : 

19:00 

Dump 

1 oc 

currec 

13 

21 

50 

1 

0. 

06 

0. 

, 04 

13 

^ 9 

05 

12 

0. 

10 

0. 

, 04 

13 

L L 

10 

2 3 

0. 

16 

0. 

, 04 

13 

26 

00 

1 

0. 

08 

0. 

, 04 

13 

26 

35 

O O 

0. 

13 

0. 

, 04 

13 

26 

55 

12 

0. 

05 

x 0. 

, 04 

13 

27 

25 

2 3 

0. 

16 

0. 

, 04 

13 

27 

55 

23 

1. 

3 0 

0. 

, 04 

13 

28 

00 

12 

0. 

05 

0. 

, 04 

13 

28 

30 

23 

0. 

6 0 

0. 

, 04 

13 

28 

50 

1 

0. 

10 

0. 

, 04 

13 

29 

10 

23 

0. 

12 

0. 

, 04 

13 

29 

45 

12 

0. 

12 

0. 

, 04 

13 

29 

55 

2 3 

0. 

25 

0. 

. 04 

13 

3 0 

35 

23 

V 0. 

05 

0. 

, 04 

13 

30: 

4 5 

12 

0. 

10 

^ 0. 

. 04 

( Cont  i niii’.l ) 
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Table  479  (Concluded) 


( hr : 

Time 

: min : sec ) 

Depth 

(m) 

Ammonium 
(mg  N/l ) 

Nitrate 

13 

31 

15 

23 

0. 

16 

0. 

. 05 

13 

31 

50 

23 

0. 

08 

0, 

. 04 

13 

32 

00 

1 

0. 

10 

< 0 

. 04 

13 

32 

30 

2 3 

0. 

09 

0 

. 05 

13 

32 

45 

12 

0. 

12 

0, 

. 04 

13 

33 

10 

23 

0. 

10 

0, 

. 04 

13 

33 

45 

23 

0. 

40 

0, 

. 04 

13 

34 

30 

23 

0. 

28 

0, 

. 05 

13 

35 

30 

23 

0. 

2 8 

0. 

. 04 

13 

36 

05 

1 

0. 

07 

< 0. 

. 04 

13 

36 

10 

12 

0. 

06 

v 0 

. 04 

13 

36 

25 

23 

0. 

41 

0, 

. 04 

13 

3 8 

20 

23 

0. 

29 

- 0, 

. 04 

13 

52 

no 

1 

< 0. 

05 

< 0. 

. 04 

13 

52 

00 

12 

0. 

06 

0. 

, 04 

13 

52 

00 

23 

0. 

30 

0. 

. 04 

14 

00 

00 

2 3 

0. 

24 

0. 

. 04 

14 

12 

00 

23 

0. 

40 

0. 

. 04 

14 

20 

55 

1 

< 0. 

05 

0, 

. 04 

14 

21 

15 

12 

0. 

12 

. 0, 

. 04 

14 

21 

15 

2 3 

0. 

25 

. 0. 

. 04 

14 

31 

05 

1 

0. 

06 

0, 

. 04 

14 

31 

25 

12 

0. 

14 

0, 

. 05 

14 

31 

30 

23 

0. 

21 

< 0, 

. 04 

14 

58 

55 

1 

0. 

08 

<0. 

04 

14 

58 

35 

12 

0. 

11 

<0  . 

04 

14 

59 

30 

23 

0. 

09 

<0. 

04 
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Table  480 

Soluble 

Orthophosphate  Concentrations:  New  York  Bight  Dumps 

Nos.  1 

and  2,  Dredged  Materials  from  Perth 

Amboy  Channel 

and  Perth 

Amboy  Anchorage 

(Collected 

from  the  flat  ton) 

Time 

Depth 

Soluble 

Ortho  P (mg  P/1) 

hr : min : sec ) (m) 

X 

SD 

12:43:45 

0.5 

0.044 

0.001 

12:44: 00 

12 

0.032 

- 

13:19  - Dump 

No.  1 occurred. 

13:21:15 

0 . 5 

0.038 

- 

13:21:50 

24 

0.056 

0.001 

13:23:15 

24 

Oj.  0 54 

- 

13:23:30 

0.5 

O'.  U 

0.001 

13:23:50 

24 

0 . »"96 

0.001 

13:25:00 

24 

0.19 

0 

13:25: 30 

24 

0 . 20 

- 

13:26:00 

24 

0.19 

- 

1 3 : 2 6 : 3 0 

0.5 

0.040 

- 

13:27:00 

24 

0.24 

0.001 

13:27:15 

24 

0.16 

- 

13:28:00 

24 

0.23 

0.001 

13 : 28 : 30 

24 

0.20 

- 

13:30: 30 

24 

0.24 

0.001 

13:32:30 

24 

0.2  3 

0.001 

13:34:30 

24 

0.087 

- 

13:36:30 

24 

0 . 17 

- 

1 3 : 3 8 : 0 0 

o O 

c i. 

0.060 

0.001 

13:41:30 

0.10 

_ 

13:42:15 

0.5 

0.050 

_ 

13:52:30 

24 

0.097 

_ 

14:10: 30 

24 

0.094 

_ 

14 : 31 : 30 

24 

0.073 

_ 

14:52:30 

24 

0 . 084 

_ 

14:53:30 

24 

0.082 

_ 

15:23:55 

0.5 

0.076 

_ 

15:24:30 

24 

0.079 

_ 

15:32:30 

0.5 

0 .068 

_ 

15:41:30 

0.5 

0.04  5 

_ 

15:42:00 

2 4 

0.098 

0.001 

15:42: 30 

0.5 

0.12 

_ 

15:43  - Dump 

15:43:00 

24 

0. 091 

_ 

15:44:00 

0.5 

0.087 

_ 

15:44:30 

24 

0.  030 

_ 

15:45: 00 

24 

0.049 

_ 

15:45:30 

24 

0.01* 

0 

(Continued) 
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fable  460  (Concluded) 


1 

ime 

Dept  n 

Sol 

ubli  rth  ( mj 

: : i 

i : it.  i 

n: 

sec ) 

(n  ) 

>: 

C 

t 

15 

46 

00 

24 

0 

1 7 

_ 

15 

4 8 

70 

7 4 

D 

747 

001 

15 

46 

45 

? 4 

0 

084 

0 

15 

47 

00 

24 

0 

1 7 

0 

15 

47 

15 

2 4 

0 

04  4 

0 . 

001 

15 

47 

15 

. 

0 

2 8 

0 . 

001 

15 

4 7 

3 0 

2 4 

0 

0 8 4 

0 . 

001 

15 

47 

45 

2 4 

0 

11 

p. 

001 

15 

4 8 

00 

24 

0 

11 

0 . 

001 

15 

48 

1 5 

24 

0 

14 

0 . 

001 

1 ' 

4 8 

70 

2 4 

0 

17 

0 . 

001 

15 

4 8 

4 r> 

0 

14 

0. 

001 

15 

44 

30 

2 4 

0 

17 

0 . 

001 

15 

50 

8 0 

74 

0 

18 

0. 

001 

15 

51 

4 5 

74 

0 

19 

0 . 

001 

15 

5 7 

30 

24 

<0 

2 2 * 

0 

15 

54 

? 0 

D 5 

0 

29 

0 

15 

8 5 

00 

24 

0 

1 .5 

0 

15 

59 

30 

74 

0 

70 

0 . 

001 

16 

10 

00 

o . 5 

o 

086 

0. 

001 

16 

10 

80 

74 

0 

? 2 

0. 

001 

16 

10 

30 

74 

0 

1 7 

0 

16 

75 

0 . 5 

0 

15 

0 . 

001 

16 

7 6 

0 0 

74 

0 

1 8 

0. 

001 

Me  a 

n 

and 

standard  de 

viation  cal 

cu  lat 

ed  from  duplic 

Mto  analyses 

c 

t 

one 

im;  le. 

Da: 

3h 

in  Ji 

cates  only 

one  sample 

was 

maly 

red. 

-At 

t 

ime 

ot  analvs is 

, there  was 

mat  e 

ria  1 

suspendei 

1 in  the 

am 

• 

There f ere 

, i t was  re 

f i 1 1 e 

red 

through  a 

0.7  u 

F 

or 

O 1 

,-e  membrane 

• : i ■ • t . 

...  ...b,.e  ortfw  i'  concentrations  in  the  bottom  waters  at  the 
ha. lasted  for  about  l-  minutes  and  then  fluctuated  between 
6.. . ■ and  0 . ■;<  mg  P.'l  for  about  45  minutes. 

.here  wore  not  enough  mid-depth  samples  collected 
fro-,  the  hat  ton  to  characterise  the  water  column  during  hopper 
dredge  .a-dime/it  disposal.  However,  from  samples  collected  from 
the  Hudson , it  was  apparent  that  there  was  neither  an  increase 
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Table  481 

Soluble  Orthophosphate  Concentrations:  New  York  Bight  Dump 

No . 

1 , Dredged  Material  from  Perth  Ambo 

y Channel 

(Collected 

from  the  Hudson) 

Time 

Depth 

Soluble 

Ortho  P (mg  P/1) 

hr : min : sec ) 

(m) 

x 

SD 

i ?: 51: 20 

1 

<0  . 01 

12:52:55 

12 

<0.01 

- 

12:52:55 

23 

0.011 

- 

12:55:30 

1 

<0.01 

- 

12:55:35 

12 

0.014 

- 

12:55:45 

23 

0.049 

- 

13:01:25 

1 

0 . 012 

- 

13:01:35 

23 

0.038 

0.001 

13:01:55 

12 

<0.01 

13:19-  Dump  No. 

1 occurred. 

13:21: 50 

1 

0.010 

- 

13:22:05 

12 

0.022 

- 

13:22:10 

23 

<0.01 

- 

13:26:00 

1 

<0.01 

13:26:35 

23 

0.034 

- 

13:26:55 

12 

<0.01 

- 

13:27:25 

23 

0.024 

- 

13:27:55 

23 

0.16 

- 

13:28:00 

12 

<0.01 

- 

13:28:30 

23 

0.093 

0 

13:28:50 

1 

0.028 

- 

13:29:10 

23 

0 .064 

- 

13:29:45 

12 

0.032 

- 

13:29:55 

23 

0.13  * 

n- 

o 

13:30:35 

23 

0.033 

- 

13: 30:45 

12 

0 . 014 

_ 

13:31:15 

23 

0.067 

_ 

13:31: 50 

23 

0.061 

_ 

13:  32:00 

1 

0.028 

_ 

13:32  : 30 

23 

0.057 

_ 

13:32:45 

12 

0.031 

_ 

I 13:33:10 

23 

0.047 

_ 

13:33:45 

23 

0.091 

_ 

13:34:30 

23 

0.059 

_ 

13: 35:30 

23 

0.037 

_ 

13:36:05 

1 

0.025 

9 

| 13:36:10 

12 

0.012 

_ 

13:36:25 

23 

0.071 

- 

13:38: 20 

2 3 

0.072 

_ 

(Cont inued) 
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Table  481  (Concluded) 


Time  Depth  Soluble  Or t ho  P ( mg  IV 1) 

(hr: min:  sec)  (m)  ^ CI. 


13 

3 2 

00 

1 

0 . 

021 

_ 

13 

b 2 

00 

12 

0. 

022 

- 

13 

32 

00 

23 

0. 

060 

- 

14 

00 

0 0 

2 3 

0 . 

04  4 

- 

14 

12 

00 

23 

0. 

075 

- 

14 

2 0 

b b 

1 

<0. 

01 

- 

14 

21 

15 

12 

0 . 

029 

- 

14 

21 

13 

23 

0. 

043 

- 

14 

31 

03 

1 

0. 

016 

- 

14 

31 

2 5 

12 

0 . 

04  2 

- 

14 

31 

30 

23 

0. 

031 

0 

14 

58 

33 

1 

01025 

- 

14 

38 

3 3 

12 

0. 

031 

- 

14 

5 9 

JO 

2 3 

0. 

038 

0.001 

Mean  and  standard  deviation  calculated  from  duplicate 
analyses  of  one  sample. 


Dash  (-)  indicates  only  one  sample  was  analyzed. 

’■Sample  refiltered  through  0.2  y pore  size  membrane  filter 
prior  to  analysis. 

in  turbidity  nor  a substantial  increase  (to  0.034  mg  P/1)  in 
soluble  ortho  P. 

There  did  appear  to  be  an  increase  in  soluble  ortho 
P concentrations  (to  0.11  mg  P/1)  in  the  surface  water  samples 
collected  on  the  Hat  ton  a few  minutes  after  Dump  No.  1.  This 
is  likely  to  be  spurious  since  there  was  no  corresponding  in- 
crease in  turbidity.  There  appeared  to  be  no  increase  in 
soluble  ortho  P in  the  surface  waters  near  the  Hudson  during 
monitoring. 

Dump  No . 2 

When  monitoring  of  New  York  Bight  Dump  No.  1 was 
completed,  the  Hudson  repositioned  down  surface  current  from 
the  disposal  area  for  the  monitoring  of  the  second  disposal 
operation.  During  Dump  No.  2,  2,500  cubic  yards  of  material 
dredged  by  clamshell  dredge  from  the  Perth  Amboy  Anchorage 
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were  dumped,  by  scow,  at  the  mud  dump  site.  Figure  158  shows 
the  physical  setting  during  this  dump  in  which  the  Hudson  was 
positioned  down  surface  current,  and  the  Hatton , down  bottom 
current  from  the  dump  location.  The  captain  of  the  tow  boat 
was  instructed  to  tow  the  scow  between  the  two  boats  and  dump 
upon  command. 

Water  column  optical  properties.  Tables  469  and  482 
present  the  turbidity  values  for  water  samples  collected  aboard 
the  Hatton  and  Hudson , respectively  during  Dump  No.  2.  It 
appears  from  these  tables  and  Figures  145  and  159  that  the  only 
significant  increase  in  turbidity  occurred  in  the  near  bottom 
water  at  the  Hatton . It  took  in  excess  of  40  minutes  for  the 
turbid  plume  near  the  bottom  to  pass  the  Hatton 1 s location. 

Examination  of  the  near  bottom  percent  light  trans- 
mission data  (Figure  160 ) obtained  by  Gordon's  group  aboard 
the  Hatton  shows  that  the  bottom  water  tubidity  had  returned 
to  essentially  pre-dump  levels  by  about  0.5  hrs  after  the  dump. 
Figure  161  shows  that  at  the  position  of  the  Hatton , no  in- 
creased turbidity  was  observed  in  the  surface  waters.  However, 
the  water’s  below  9 m did  show  several  periods  of  decreased 
percent  light  transmission,  indicating  tire  passage  of  the  turbid 
plume.  The  percent  light  transmission  values  are  highly  var- 
iable at  this  location,  indicating  a billowing  characteristic 
ot  the  turbid  plume. 

Since  the  Hudson  was  positioned  down  surface  current 
from  the  dump  site,  the  transmissometer  was  fixed  at  the  3 m 
depth  to  monitor  near  surface  percent  light  transmission  during 
the  passage  of  the  turbid  plume.  The  data  are  presented  in 
Figure  162.  Essentially  no  change  was  observed  at  the  3 m 
depth  during  Dump  No.  2.  These  results  indicate  that  the  sus- 
pended sediment  associated  with  the  dump  moved  with  the  bottom 
currents,  below  the  thermocline,  from  the  dump  site.  Little 
or  no  increase  in  surface  water  turbidity  was  noted  at  either 
sampling  site. 
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irection  of 
urface  current 


/Direction  of 
bottom  current 


Dump  occurred 

Approximate  course  of  barge-scow 


I i 100ft. 

Figure  158 

Positions  of  Sampling  Vessels  at  Mud  Dump  Site 
During  Monitoring  of  New  York  Bight  Dump  No.  2 
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Table  4 8.’ 


Turbidity  Values:  New  York  Bight  Dump  No.  2, 
Material  Dredged  t rom  Perth  Amboy  Anchorage 
(Collected  from  the  Hudson) 


Time 

Depth 

Turbidity 

(hr: 

min : 

sec ) 

Cm) 

(NTU) 

15 

:3b: 

00 

12 

1 

15 

: 35  : 

30 

1 

1 

15 

: 36  : 

00 

2 3 

2 7 

1 5 ; 4 3 

- Dump  No.  2 occurred. 

15 

: 44  : 

2 0 

12 

1 

15 

: 4 4 : 

30 

1 

1 

15 

: 4 4 : 

45 

2 3 

3 3 

1 

: 47  : 

10 

12 

0 . 6 

15 

: 47  : 

30 

2 3 

27 

15 

: 4 7 : 

30 

1 

0.5 

15 

: 51 : 

05 

1 

1 

15 

: 5 1 : 

20 

23 

44 

15 

: 51  : 

4 0 

12 

0 . 5 

15 

: 52  : 

00 

1 

1 

16 

: 16  : 

55 

1 

0 . 7 

16 

: 17  : 

IS 

12 

0 . 8 

16 

: 17  : 

15 

2 3 

8 

16 

: 18  : 

15 

2 3 

7 

16 

: 19  : 

15 

23 

o 

16 

: 19: 

30 

1 

0.6 

16 

: 20  : 

00 

12 

0.5 

16 

: 20  : 

20 

2 3 

23 

Currents . Table  483  shows  the  effects  of  the  dump 
on  the  bottom  currents  at  the  Hatton ' s position.  The  results 
were  similar  to  those  seen  during  Dump  No.  1.  There  was  a 
surge  in  current  velocity  as  the  bottom  plume  passed  the 
sampling  vessel.  The  peak  speed,  2.1  knots,  was  observed  2 
minutes  after  disposal.  As  with  Dump  No.  1,  the  direction  of 
the  current  fluctuated  .lightly  during  monitoring. 

Pis so  1 ved  oxygon,  temperature,  salinity,  and  pH. 
Material  mechanically  dredged  from  the  Perth  Amboy  Anchorage 
was  disposed  of  at  15:43  hrs . Pro-  and  post-disposal  P.O., 
temperature,  salinity,  and  pH  profiles  were  made  at  the  Ha  t ton . 
Ttte  data  presented  in  Table  484  and  Figures  163  and  164  show 
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From  data  provided  by  R.  Gordon 


Table  483 

Bottom  Current  Velocity  and  Direction:* 
New  York  Bight  Dump  No.  2 


Time 
(hr: min: 

sec) 

Speed 
(knots ) 

Directi  on 
( °magne tic ) 

15 

35 

00 

0 

. 33 

225 

15 

37 

00 

0 

.38 

260 

15 

38 

00 

0 

. 46 

265 

15 

39 

00 

0 

.55 

280 

15 

40 

00 

0 

.41 

175 

15 

41 

00 

0 

.39 

153 

15 

42 

00 

0 

. 34 

146 

15 

42 

30 

0 

. 26 

130 

15:43- 

Dump  No. 

2 began. 

15 

43 

30 

0 

.25 

140 

15 

44 

00 

0 

. 31 

172 

15 

44 

18 

0 

. 38 

230 

15 

44 

36 

0 

. 80 

228 

15 

45 

00 

2 

.10 

219 

15 

45 

18 

1 

. 20 

210 

15 

45 

30 

0 

. 60 

195 

15 

46 

00 

0 

.30 

219 

15 

46 

30 

0 

.46 

211 

15 

47 

00 

0 

.41 

190 

15 

47 

30 

0 

. 23 

190 

15 

48 

00 

0 

. 12 

142 

15 

48 

30 

0 

.13 

170 

15 

49 

00 

0 

.18 

190 

15 

50 

00 

0 

. 31 

204 

15 

52 

00 

0 

.22 

230 

15 

58 

00 

0 

. 30 

180 

*Current  meter  set  at  27  m,  1 m off  bottom. 


no  appreciable  difference  between  these  profiles.  As  shown  in 
Figure  165  , the  D.O.  at  24.5  increased  to  3.2  mg/1  from  1.3  mg/1 
(the  background  level)  six  minutes  after  disposal.  There  was 
a steady  decrease  in  D.O.  levels  thereafter.  By  16:00  hrs , 
they  returned  to  1.4  mg/1. 

The  D.O.,  temperature,  and  pH  profiles  made  aboard 
the  Hudson  are  presented  in  Table  485  . While  infrequent 
measurements  were  made  at  any  single  depth,  from  the  data 
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Table  484 


Pre-  and  Post-Disposal  Water  Column  Profile: 
New  York  Bight  Dump  No.  2,  Dredged 
Material  from  Perth  Amboy  Anchorage 


Destination 
and  Time 

Depth 

(m) 

Temp 

(°C) 

D.O. 

(mg/1 ) 

Salinity 

(°/oo) 

PH 

Pre-Disposal 

(15:30) 

0.5 

20 

9.6 

30.5 

8 . 2 

3 

20 

9 . 7 

30 . 5 

8 . 2 

6 

19 . 5 

7 . 2 

30.5 

8 . 1 

9 

19 

6 . 4 

30  . 5 

8 . 0 

12 

18 

6 . 3 

31.2 

7.8 

15 

17 

6.4 

32.0 

8.1 

18 

15 

5.4 

31.2 

8 . 0 

21 

12 , 5 

3 . 3 

32 . 0 

7 . 8 

24 

11 

1.4 

32  . 8 

7.6 

25 

11 

1.3 

32 . 8 

7.6 

Post-Disposal 

(16:05) 

0 . 5 

20 

9 . 3 

30.5 

8.4 

3 

20 

9.4 

30.5 

8.4 

6 

19 

7.7 

30.5 

8 . 3 

9 

18 

6.3 

31.2 

8.1 

12 

17 

5.8 

32.8 

8.2 

15 

15.5 

6.3 

32  . 8 

8 . 3 

18 

14 

4.6 

32  . 8 

8.1 

21 

11.5 

2.1 

32 . 8 

7 . 7 

24 

11 

1.3 

32.8 

7 . 8 

available  there  were  no  significant  changes  in  D.O.  resulting 
from  the  dumping  operations.  The  differences  noted  in  the  D.O. 
profiles  pre-  and  post-Dump  No.  2 (Figure  166)  at  the  location 
of  the  Hudson , from  0.5  to  1 mg/1,  are  probably  related  to  dif- 
ferent water  masses  passing  through  the  region  and  not  asso- 
ciated with  the  dump.  This  is  based  on  the  fact  that  the  Hudson 
was  positioned  down  surface  current  from  the  dump  and  that  the 
pre-  and  post-dump  surface  concentrations  were  essentially  the 
same . 
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Dissolved  Oxygen  (mg/1) 


Pre-Disposal  Water  Column  Temperature  and  Dissolved 
Oxygen  Profiles:  New  York  Bight  Dump  No.  2 Hatton 
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Depth  (m) 


Dissolved  Oxygen:  New  Zonk  Bight  Dump 
Depth  24.5  meters  Hatton 


1 


Table  485 

Pis; iolv<  : x\v.-:i,  T nature  , and  pi!  Profiles* 

New  York  Bight  Tump  No.  2 
(Collected  from  the  Hudson) 


Time 
(hr’  :min) 

Depth 

(m) 

dissolved 
Oxygen 
(mg/1 ) 

Temperature 

(°C) 

PH 

15  : 

; 32 

1 

9 . 

5 

19. 

6 

8 , 

. 0 

2 

9. 

7 

19  . 

6 

8, 

. 0 

3 

9. 

6 

19. 

6 

8 , 

. 0 

4 . 5 

8 . 

8 

18. 

9 

8. 

, 0 

6 

7 . 

4 

18. 

8 

7 . 

. 9 

8 

6 . 

8 

18. 

n 

/ 

7 

. 9 

10 

5. 

7 

18  . 

5 

7 . 

. 9 

12 

4 . 

4 

17. 

3 

7 , 

. 8 

15  : 

: 36 

14 

6 . 

1 

17. 

0 

7. 

, 8 

16 

5 . 

8 

15. 

7 

7. 

. 8 

17 

4 . 

3 

13. 

8 

7 . 

, 6 

19 

2 . 

5 

12. 

8 

*7 

. 5 

21 

0. 

75 

11. 

4 

7 , 

, 4 

23 

0 

10. 

3 

7 

/ . 

. 3 

15:44: 30 

- Pump  No 

, > 

occurred . 

15  ; 

; 4 5 

1 

10. 

0 

19. 

5 

8. 

. 1 

9 

L 

10. 

2 

19  , 

5 

8 , 

. 1 

3 

9. 

8 

19  . 

9 

8, 

. 1 

3 . 5 

9 . 

1 

19  . 

i 

8, 

, 0 

5.5 

*7 

4 

18. 

8 

8 , 

, 0 

15  : 

: 47 

I 

9 . 

6 

17. 

5 

8 . 

, 1 

9 

9. 

9 

19. 

4 

8. 

, 1 

3 

9. 

3 

19. 

2 

8. 

, 1 

4 

8 . 

6 

19  . 

1 

8, 

, 1 

4 . 5 

8. 

0 

18  . 

8 

8 , 

, 0 

5 . 5 

7. 

7 

18. 

8 

8. 

. 0 

1 

9 . 

3 

19. 

6 

8. 

, 1 

o 

L 

9 . 

O 

19. 

5 

8. 

, 1 

3 

9. 

3 

19  . 

4 

8 , 

, 1 

4 

8 . 

8 

19. 

3 

8. 

, 1 

4 . 5 

8. 

7 

18. 

9 

8. 

.1 

15  : 

: 50 

5.5 

8 . 

1 

18. 

8 

8 . 

, 0 

1 

8. 

8 

19  . 

5 

8. 

, 1 

o 

9. 

0 

19  . 

4 

8. 

, 1 

3 

8 . 

8 

19. 

2 

8 . 

. 1 

4 

8. 

8 

18. 

9 

8 . 

. 0 

4.5 

8. 

2 

18. 

8 

8. 

. 0 

15 

: 52 

5.5 

7. 

4 

18. 

8 

8 , 

, 0 

(Continued) 
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Table  485  (Concluded) 


Time 
(hr: min ) 

Depth 

(m) 

Dissolved 
Oxygen 
(mg/ 1 ) 

Temperature 

(°C) 

pH 

1 

8. 

6 

19  . 

4 

8 

. 1 

2 

8. 

7 

19  . 

4 

8 

. 1 

3 

8. 

1 

19. 

4 

8 

. 1 

4 

9. 

2 

19. 

4 

8 

.1 

4 . 5 

9 . 

1 

18. 

9 

8 

. 0 

15:58 

5.5 

9. 

1 

18. 

8 

8 

. 0 

16:13 

1 

9. 

8 

19. 

5 

8 

.1 

2 

10  . 

1 

19  . 

5 

8 

. 1 

3 

9. 

9 

19. 

4 

8 

. 1 

3.5 

9. 

7 

19. 

2 

8 

. 1 

4.5 

9 . 

2 

18  . 

9 

8 

. 1 

5.5 

7. 

1 

18. 

8 

8 

. 0 

1 

9. 

5 

19  . 

5 

8 

.1 

2 

9 . 

7 

19. 

5 

8 

. 1 

3 

9. 

1 

19. 

4 

8 

. 1 

4.5 

9 . 

4 

19. 

0 

8 

. 0 

6 

7. 

9 

L. 

18. 

8 

8 

. 0 

8 

6 . 

5 

18. 

7 

8 

. 0 

10 

4 . 

8 

17. 

9 

7 

. 9 

12 

O 

8 

17. 

0 

7 

. 8 

14 

4 . 

9 

16. 

5 

7 

. 8 

16 

5 . 

0 

15. 

3 

7 

. 8 

17 

3. 

9 

13. 

7 

7 

. 6 

19 

1. 

1 

11. 

7 

7 

. 5 

16:20 

21 

0 

11. 

1 
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34  to  59  ug/1  in  the  near  bottom  water.  Iron  release  showed 
two  peaks:  1396  yg/1  2 minutes  after  disposal  and  1965  pg/1 
(at  15:47:30  hrs).  Zinc  was  released  in  three  waves.  The 
nine  concentrations  ranged  from  10.1  to  29  Mg/1  in  the  first 
wave  (between  2 and  3 minutes  after  disposal),  from  3.7  to 
25.9  Mg/1  in  the  second  wave  (between  4 and  5.5  minutes  after 
disposal),  and  from  17.6  to  26.2  pg/1  in  the  third  wave  (from 
8 to  26  minutes  after  disposal) . This  wave-like  pattern  fol- 
lowed the  general  patterns  seen  for  changes  in  percent  light 
transmission  during  passage  of  the  turbid  plume.  The  291  Mg/1 
value  of  zinc  in  the  surface  sample  collected  at  16:10:00  hrs 
was  likely  due  to  contamination  during  sampling  or  analysis. 

Cadmium,  chromium,  nickel,  lead,  arsenic,  mercury, 
and  copper  were  released  in  small  amounts.  Maximum  concentra- 
tions were  2.5  Mg/1  cadmium,  5.6  Mg/1  chromium,  11.0  Mg/1 
nickel,  22.4  Mg/1  lead,  12.7  Mg/1  arsenic,  0.051  Mg/1  mercury, 
and  8.3  Mg/1  copper.  The  single  surface  concentration  of 
0.139  Mg/1  mercury  was  also  likely  a result  of  contamination. 

Table  487  shows  the  soluble  metals  in  samples  col- 
lected at  the  Hudson,  which  was  down  surface  current  from  the 
dump.  One  surface  sample  collected  three  minutes  after  the 
dump  had  a high  concentration  of  manganese,  488  Mg/1  and  a 
slightly  elevated  arsenic  concentration,  20.5  Mg/1.  Other 
surface  water  samples  had  metals  concentrations  generally  in 
the  background  range  or  slightly  above  it.  Some  near  bottom 
water  samples  showed  elevated  iron  concentrations,  up  to  120 
Mg/1  at  seven  minutes  after  the  dump. 

Nitrogen  compounds.  The  surface  water  ammonium  con- 
centration at  the  Hatton  during  Dump  No.  2 was  not  affected  by 
the  dump.  As  shown  in  Table  488 , in  the  bottom  water,  ammonium 
rose  sharply  one  minute  after  the  disposal,  followed  by  three 
increases  and  a leveling  off  near  ambient  concentration  after 
about  40  minutes.  Higher  ammonium  concentrations  were  found 
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Table  488 

Ammonium  and  Nitrate  Data:  New  York  Dump  No.  2 
(Collected  from  the  Hudson) 

(mg  N/l) 


Time 
(hr : min: 

sec ) 

Depth 

(m) 

Ammonium 
(mg  N/l) 

Nitrate 

15 

35 

00 

12 

0 , 

, 14 

<0  , 

.04 

15 

35 

30 

1 

0. 

, 06 

<0  , 

.04 

15 

36 

00 

23 

0 . 

, 17 

<0  , 

. 04 

15  : 

: 44  : 30  - Dump  No  . 

2 occurred. 

15 

44 

30 

1 

0. 

16 

0 , 

. 05 

15 

44 

45 

2 3 

0. 

19 

0, 

. 05 

15 

4 7 

10 

12 

0 . 

11 

0. 

, 0 5 

15 

47 

30 

23 

0 . 

16 

0 . 

. 0 5 

15 

47 

30 

1 

0. 

12 

<0  . 

. 04 

15 

51 

05 

1 

0 , 

10 

<0  . 

. 04 

15 

51 

20 

23 

0. 

05 

0 , 

.05 

15 

51 

40 

12 

0. 

11 

<0  , 

.04 

15 

52 

00 

1 

0 , 

11 

< n , 

. 04 

16 

17 

15 

2 3 

0. 

22 

0 . 

, 0 5 

16 

18 

15 

23 

0. 

13 

0 , 

. n 5 

16 

19 

15 

23 

0 . 

18 

0. 

, 05 

16 

20 

20 

23 

<0  . 

0 5 

0 . 

, 05 

during  Dump  No.  2 than  during  Dump  No.  1.  Nitrate  concentra- 
tions were  again  below  the  detection  limit  of  0.04  mg  N/l  for 
all  samples  collected.  Dump  No.  2 appeared  to  have  no  effect 
on  the  ammonium  and  nitrate  concentrations  in  the  water  column 
near  the  Hudson. 
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Phosphorus  compounds.  During  Dump  No.  2,  the  sol- 
uble ortho  P concentrations  (Table  480  ) of  the  Hatton 1 s bottom 
water  samples  fluctuated  greatly  but  appeared  to  increase  over- 
all. As  with  the  other  chemical  parameters,  the  fluctuations 
in  phosphorus  seemed  to  follow  the  wave-like  character  of  the 
turbid  plume.  This  fluctuation  and  increase  roughly  corres- 
ponded to  changes  in  percent  light  transmission  and  turbidity 
level.  Concentrations  rose  from  the  pre-disposal  range  of 
0.08  to  0.1  mg  P/1  to  as  high  as  0.22  mg  P/1  after  the  dump. 
Forty  minutes  after  the  dump,  the  concentrations  near  bottom 
had  not  returned  to  pre-disposal  levels. 

In  the  near  bottom  waters , near  the  Hudson  (Table 
489),  there  appeared  to  have  been  some  release  of  soluble 
ortho  P following  the  dump;  however,  there  was  no  correspond- 
ing increase  in  turbidity.  There  also  appeared  to  be  a slight 
increase  in  mid-depth  water,  from  0.046  mg  P/1  before  the  dump 
to  0.11  mg  P/1  after  it.  Again,  this  increase  may  have  been 
spurious  or  related  to  a factor  other’  than  turbidity  since  the 
turbidity  did  not  increase  in  the  mid-depth  waters  during  the 
disposal  operation. 

The  surface  turbidity  did  not  appear  to  have  in- 
creased at  either  sampling  location  during  Dump  No.  2.  There 
did  appear  to  be  a slight  increase  of  soluble  ortho  P in  the 
surface  water  at  both  locations  following  the  dump.  Near  the 
Hatton , concentrations  increased  from  0.045  to  0.12  mg  P/1 
before  disposal  to  0.28  mg  P/1  four  minutes  after  the  disposal. 
About  20  minutes  later  the  concentration  was  found  to  be  0.086 
mg  P/1.  Down  surface  current  from  the  disposal  at  the  Hudson 
the  surface,  pre-disposal  soluble  ortho  P concentration  was 
0.021  to  0.031  mg  P/1.  The  concentrations  reached  0.17  mg  P/1 
one  minute  after  disposal  but  decreased  to  ambient  levels  three 
minutes  later. 

Dump  No.  3 

Hopper  dredged  material  from  Bay  Ridge  Channel  was 
disposed  of  in  New  York  Bight  Dump  No.  3 on  September  1,  1976. 
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Table  489 

Soluble  Orthophosphate  Concentrations  : New  York  Bipht  Pump 
No.  2,  Dredged  Materials  from  Perth  Amboy  Anchorage 
(Collected  from  the  Hudson) 


Time 

Depth 

Soluble  Ort 

ho  T (mp  D/1) 

hr : min : 

sec ) 

(m) 

X 

SP 

15 

: 3 5 

: 00 

12 

0 

. 046 

0 

15 

: 3 5 

: 30 

1 

0. 

.021 

- 

15 

: 36 

: 00 

2 3 

0. 

.05  5 

- 

15: 

: 4 3 - Pump  No.  2 

occurred . 

15 

44 

20 

12 

0. 

. 062 

0 

15 

44 

30 

1 

0. 

. 18 

0 

15 

44 

4 5 

23 

0. 

.13 

0 . 001 

15 

47 

10 

12 

0 . 

.11 

0.001 

15 

47 

30 

2 3 

0. 

.10 

0.001 

15 

4 7 

3 0 

1 

0. 

.0  30 

- 

15 

51 

05 

1 

0. 

,028 

0 

15 

51 

2 0 

23 

0. 

, 094 

0.001 

15 

51 

4 0 

12 

0. 

, 0 34 

- 

15 

5 2 

00 

1 

0 , 

.031 

- 

16 

16 

5 5 

1 

0 , 

.05  1 

0.001 

16 

17 

15 

12 

0. 

, 050 

0 

16 

17 

1 5 

o 

p t 

,060 

0 

16 

18 

1 5 

2 3 

0. 

, 084 

0.001 

16 

19 

15 

2 3 

0 . 

,16 

n 

16 

19 

3 0 

i 

0 . 

,0  36 

0 

16 

20 

00 

12 

0 . 

040 

o 

16 

2 0 

20 

23 

0. 

067 

0 

Mean  . 

Hid 

s tandari 

1 deviation  claci 

.i  la  ted  from 

dupl ica t 

e analyses  of 

one  sample. 

Pa  --h  (-)  indicate  , only  one  sample  was  analysed. 
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Figure  167  shows  the  locations  of  the  two  sampling  vessels 
with  respect  to  the  path  of  the  Essayons . The  weather  on  this 
day  was  fair  with  air  temperatures  around  65°F  (19°C).  The 
seas  were  rolling  with  three  to  four  foot  swells,  and  some 
white  caps  were  visible.  By  noon,  the  swells  had  increased  in 
sice  to  12  to  lb  ft. 

The  dredge  released  approximately  half  (3000  cu  yds) 
of  its  load  on  a course  northwest/southwest . It  then  turned 
and  made  a pass  northeast/southwest  and  dumped  the  remainder 
of  the  load.  These  dumps  are  referred  to  as  Dump  Nos.  3A  and 
3B.  The  Hudson  was  located  60  m down  bottom  current  from  the 
Hatton . The  direction  of  the  currents  during  the  dump  were 
such  that  both  sampling  vessels  were  able  to  monitor  the  turbid 
plumes  that  occurred  below  the  thermocline  arising  from  both 
dumps . 

Figures  168  and  169  present  turbidity  data  for  water 
samples  collected  near  bottom  during  Dump  No.  3 from  aboard 
the  Hatton  and  Hudson , respectively.  This  data,  as  well  as 
turbidity  values  at  other  depths  at  these  locations  are  pre- 
sented in  Tables  490.  and  491.  The  data  in  the  tables  show  that 
there  was  no  discernible  increase  in  turbidity  in  the  surface 
water';;  .it  the  locations  of  either  of  the  sampling  vessels. 

There  appeared  to  have  been  one  slightly  elevated  value  at  mid- 
depth at  the  Hudson , but  there  was  no  corresponding  increase 
in  mid-depth  water  .it  the  Ha t ton . There  appeared  to  have  been 
three  turbidity  peaks  in  near  bottom  waters  in  association  with 
Dump  Nos.  3A  and  IB.  At  the  Ha tton , the  first  two  of  these 
occurred  four  and  eight  minutes  after  Dump  No.  3 A ; the  third 
occurred  t ive  minutes  after  Dump  No.  3B.  Durot ion  of  these  elevated 
concentrations  were  approximately  2,  11,  and  25  minutes, 
respectively.  Correspond ing  but  less  intense  peaks  were  found 
at  the  Hudson ; the  time  of  the  peaks  at  the  Hudson  lagged 
those  at  the  Hatton  bv  about  two  to  15  minutes. 
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Figure  167 

Positions  of  Sampling  Vessels  at  Mud  Dump  Site 
Du  ring  Monitoring  of  New  York  Bight  Dump  No. 3 
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Table  490 

Turbidity  Values:  New  York  Bight  Dump  No.  ? 
Dredged  Material  from  Bay  Ridge  Channel 
(Collected  from  the  Hatton) 


Time 

(hr : min : sec  ) 


Depth  Turbidity 

(m)  (NTU) 


11 

11 

00 

0.5 

0.6 

11 

11 

45 

12 

0 . 5 

11 

12 

10 

24 

12 

11 

18 

15 

0.5 

0.6 

11 

18 

45 

12 

0 . 5 

11: 

: 19 : 

: 00  - 

- Dump 

No.  3A  occurred. 

11 

19 

00 

24 

11 

11 

■ 2 1 

30 

24 

10 

11 

22 

30 

0 . 5 

0 . 8 

11 

22 

45 

12 

0.  5 

11 

: 23 

00 

24 

640 

11 

23 

30 

12 

0.5 

11 

; 23 

45 

24 

16 

11 

24 

00 

24 

32 

11 

24 

30 

12 

0 . 5 

11 

25 

15 

24 

180 

11 

25 

15 

24 

200 

11 

26 

00 

12 

0.  5 

11 

27 

00 

24 

470 

11 

27 

30 

12 

0.5 

11 

29 

00 

0 . 5 

2 

11 

29 

30 

12 

2 

11 

30 

00 

24 

380 

11: 

: 32: 

: 15  ■ 

- Dump 

No.  3B  occurred. 

11 

32 

30 

0.5 

0 . 5 

11 

32 

45 

12 

0.5 

11 

33 

00 

24 

- 

11 

33 

45 

12 

2 

11 

34 

00 

24 

86 

11 

34 

20 

12 

0.7 

11 

34 

40 

24 

56 

11 

35 

00 

12 

1 

11 

35 

30 

24 

30 

11 

36 

00 

12 

2 

11 

36 

15 

24 

- 

11 

36 

45 

12 

0.5 

11 

37 

00 

24 

1410 

( Cont inued) 


1074 


Table  4 9 0 ( Concl uded ) 


Depth 

Tui : i i ity 

.... 

sec ) 

(m) 

(NTU ) 

11:37 

15 

24 

960 

' 1 : J ” 

45 

24 

540 

cl:  38 

24 

860 

11:41 

15 

' . 5 

2 

11:41 

3 0 

12 

2 

11:41 

45 

24 

570 

11:46 

00 

24 

34  5 

11 : 50 

45 

0 . 5 

3 

11 : 51 

.)  u 

12 

? 

11:52 

24 

120 

12:03 

. 

24 

76 

h ( - ) 

Lndical 

F I .ares 

170  and  171  show 

the  ■ ij.oj 

trends  in  percent 

light 

transmission 

near  bottom  and 

at  several 

other  depths 

during 

and  3B  as  monitored  by  Gordon's  group 

aboard 

the  : itt  . 

The  patterns  and  times  of 

decreases  and 

increases  in  percent  light  transmission  in  the  near  bottom  wa- 


ters during  the  dump  monitoring  corresponded  to  the  increases 
and  leci  is<  In  turbidity  as  presented  in  Fig  tre  168  . As  was 
indicated  by  the  turbidity  values,  the  percent  light  trans- 
mission in  the  surface  water  near’  the  Hatton  remained  at  100 
percent  transmission  during  the  monitoring  period  (Figure  171). 
The  decrease  in  percent  light  transmission  found  at  mid-depth 
at  about  11:42  hrs  was  not  reflected  in  the  turbidity  measure- 
ments because  the  decrease  and  increase  to  ambient  levels  was 
rapid,  and  mid-depth  was  not  sampled  at  the  time  of  the  decreased 
light  transmission.  For  ail  other  times,  percent  light  trans- 
mission was  100  percent  in  mid-depth  waters. 
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Table  491 


Turbidity  Values:  New  York  Bight  Dump  No.  3 
Dredged  Material  from  Bay  Ridge  Channel 
(Collected  from  the  Hudson) 


Time 

(hr :min : sec ) 


Depth 

(m) 


Turbidity 
(NTU ) 


11:19:00  - Dump  No.  3A  occurred. 


11 

: 19 

30 

1 

0 . 5 

11 

: 19 

35 

12 

0.5 

11 

: 19 

40 

23 

46 

11:32:15  - Dump  No.  3B  occurred. 

11 

32 

50 

23 

270 

11 

32 

59 

12 

0.3 

11 

33 

15 

23 

185 

11 

34 

00 

23 

52 

11 

35 

55 

12 

0.4 

11 

35 

55 

23 

54 

11 

36 

00 

1 

0.5 

11 

37 

00 

23 

200 

11 

37 

10 

12 

0 . 3 

11 

37 

40 

23 

260 

11 

38 

25 

12 

160 

11 

39 

05 

23 

42 

11 

39 

50 

23 

100 

11 

40 

30 

1 

0.5 

11 

40 

35 

23 

16 

11 

41 

20 

12 

0.4 

11 

41 

25 

23 

52 

11 

42 

20 

23 

32 

11 

43 

00 

23 

900 

11 

43 

45 

23 

480 

11 

44 

35 

23 

680 

11 

45 

15 

23 

330 

11 

46 

00 

23 

370 

11 

47 

00 

23 

440 

11 

47 

35 

23 

440 

11 

48 

20 

23 

460 

11 

49 

05 

23 

270 

11 

49 

50 

23 

220 

11 

50 

45 

23 

220 

11 

51 

35 

23 

210 

11 

52 

30 

23 

100 

11 

53 

30 

23 

170 

11 

54 

25 

12 

0.7 

11 

54 

32 

1 

0.6 

11 

54 

32 

23 

150 

(Continued ) 
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Table  491  (Concluded) 


Time 

( hr : mi n : sec ) 

Depth 
( m ) 

Turbidity 
(NTU ) 

11:55:50 

23 

65 

11:57:05 

23 

100 

11:58:20 

23 

90 

12:04:05 

12 

1 

12:04:10 

23 

80 

12:04:40 

1 

0.6 

The  water  column  profiles  of  the  percent  light  trans- 
mission near  the  Hudson  before  and  after  Dump  No.  3 are  pre-  V 

sented  in  Figure  172.  The  water  above  20  meters  exhibited  no 
detectable  change  after  the  dump.  There  was,  however,  a reduc- 
tion of  transiniss  ibility  below  th  il  depth.  This  I Lows  I < 
pattern  seen  during  Dump  No.  1 (Figure  150). 

The  transmissometer  was  kept  at  a fixed  depth  of  .'3  m 
to  monitor  the  changes  in  percent  light  transmission  at  that 
depth.  The  plot  of  the  data  is  presented  in  Figure  173.  The 
fluctuations  in  percent  light  transmission  prior  to  Dump  No.  d‘ 
were  the  result  of  Dump  No.  3A  which  occurred  at  11:10  hrs . 'he 
low  percent  light  transmission  values  found  at  ibo  it  1 ' : 
corresponded  to  increased  turbidity  at  that  depth  at  that  time 
(Figure  169).  The  p<  cent  light  mission  decrea 

about  74  percent  to  zero  within  about  two  minutes  of  Dump  N>  . 

It  increased  to  60  percent  about  four  minutes  later  but  re- 
turned to  zero  percent  light  transmission  by  about  11:40  hrs. 

These  changes  correspond  to  turbidity  values  found  in  the  w.  < t • i 
samples  collected  at  the  Hudson  (Figure  169).  The  clarity  «.  f 
these  water’s  did  not  return  to  ambient  levels  during,  tire  moi 
toring  period.  The  most  likely  explanation  was  that  the 
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PERCENT  LIGHT  TRANSMISSION 


IOO 


/ 


T I M E ( hrs : min ) 

Figure  171 

Percent  Light  Transmission  as  a Function  of  Depth  and 
Time  during  New  York  Bight  Dump  No.  3 - Hatton 
(12  cm  path  length) 

From  data  provided  by  R.  Gordon 
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thermocline  Cat  13  to  14  m depth)  reduced  or  slowed  down  the 
dilution  processes  that  would  normally  occur. 

Currents . Table  492  presents  the  relevant  current 
velocity  and  direction  data  as  measured  by  B.  Holliday,  CE-WES, 
aboard  the  Ha t ton . There  was  a surge  in  speed  approximately 
eight  minutes  after  Dump  No.  3A  and  a longer  but  less  intense 
surge  beginning  about  four  minutes  after  Dump  No.  3B.  There 
was  no  change  in  direction  of  the  current  due  to  these  dumps. 

Dissolved  oxygen,  temperature,  salinity  and  pH.  The 
D.O.,  temperature,  salinity,  and  pH  profiles  were  made  prior  to 
Dump  No.  3.  The  data  are  presented  in  Table  493.  The  thermo- 
cline, at  12  to  14  m,  appears  to  have  migrated  somewhat  toward 
the  irface  compared  to  similar  profiles  taken  the  previous 
day.  In  the  earlier  profiles  (Table  473  and  Figure  151),  the 
therm  tcline  appeared  to  be  located  at  lt;  to  18  meters.  The 
higher  thermocline  is  readily  seen  in  Figure  174  . 

The  surface  D.O.  readings  were  somewhat  higher  than 
..  v had  been  the  previous  day,  9.0  mg/1  compared  to  8.1  mg/I. 
The  temperature  values  fell  within  the  range  established  the 
day  before,  as  did  salinity. 

Figure  175  presents  the  D.O.  concentrations  at  24.5 
hiring  bump  No.  3.  There  was  an  increase  to  2.0  mg/1  from 
1.4  mg  1 shortly  after  Dump  No.  3 A.  The  D.O.  levels  returned 
t.  the  background  range  soon  after  but  again  increased  after 
Dump  No.  3B.  This  time  the  levels  remained  elevated  for  over 
30  minutes. 

Data  for  the  D.O. , temperature,  and  pH  profiles  mad< 
aboard  the  Hudson  during  Dump  No.  3 using  the  Corps  of  Engi- 

P LI  SE)i  . : : ' . presented  in  Table  4 . Tab!  495  pre- 

ts  D.  . con  ntration  pi  files  iui  Lnj  the  monitoring  peri<  d. 
Examination  of  these  tables  shows  that  even  though  only  samples 

to  i lepth  of  4 . 5 i were  L<  ted  prioi  t lumpii ig , 

tiie  D.O.  values  in  the  upper  14.5  m appeared  to  increase  by 

2 m luring  th<  first  1 ; Ln  Llowinj  imj  N . 3A. 
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Table  492 

Bottom  Current  Velocity  and  Direction:* 
New  York  Bight  Dump  No.  3 


Time 

(hr :min: sec) 

Speed 
(knots ) 

Direction 
( “magnetic ) 

11 

11 

00 

0 

. 15 

260 

11 

13 

00 

0 

.08 

160 

11 

15 

00 

0 

.05 

210 

11 

19 

00 

0 

. 10 

255 

11: 

: 19- 

- Dump  No 

3A  began. 

11 

21 

00 

0 

. 09 

215 

11 

22 

00 

0 

. 20 

235 

11 

22 

30 

0 

. 30 

230 

11 

23 

00 

0 

. 53 

235 

11 

23 

30 

0 

. 47 

230 

11 

24 

00 

0 

.28 

221 

11 

24 

30 

0 

. 13 

205 

11 

25 

00 

0 

. 07 

195 

11 

27 

00 

0 

.00 

- 

11 

28 

00 

0 

.07 

200 

11 

29 

00 

0 

.15 

210 

11 

30 

00 

0 

. 12 

168 

11 

30 

30 

1 

.50 

210 

11 

32 

00 

0 

.10 

180 

11: 

: 32: 

: 1 5 - Dump 

No  3B  began. 

11 

32 

18 

0 

.15 

220 

11 

33 

00 

0 

.13 

170 

11 

33 

30 

0, 

. 12 

149 

11 

34 

00 

0 

.13 

142 

11 

34 

30 

0 

. 04 

120 

11 

35 

00 

0. 

. 05 

250 

11 

35 

30 

0, 

. 08 

200 

11 

36 

00 

0, 

. 20 

190 

11 

36 

1 C 

0, 

.48 

165 

11 

36 

30 

0. 

.60 

165 

11 

36 

42 

0. 

.73 

160 

11 

37 

00 

0- 

.77 

165 

11 

37 

18 

0 

. 68 

179 

11 

37 

30 

0, 

. 64 

195 

11 

37 

42 

0, 

. 58 

207 

11 

38 

00 

0. 

. 52 

221 

11 

38 

18 

0. 

.45 

208 

11 

38 

30 

0. 

.41 

i 0 2 

11 

38 

42 

0. 

. 39 

196 

11 

39 

00 

0. 

, 36 

172 

11 

39 

30 

0. 

. 30 

18  2 

11 

40 

00 

0. 

. 26 

236 

11 

40 

30 

0. 

. 24 

243 

11 

41 

00 

0. 

.12 

270 

11 

41 

30 

0. 

.18 

210 

11 

42 

00 

0. 

. 16 

218 

•Current  met<  et  a m,  • 5 ff  bottom. 
Data  collected  by  B.  Hollidays  CE-WES. 
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Table  493 


Pre-Disposal*  Water  Column  Profile:  New  York 
Bight  Dump  No.  3,  Dredged  Material 
from  Bay  Ridge  Channel 
(Collected  at  the  Hatton) 


Depth 

(m) 

Temp 

(°C) 

D.O. 

(mg/1 ) 

Salinity 

(°/oo) 

pH 

0.5 

19.5 

9 . 0 

29 . 9 

8 . 7 

3 

19.5 

8 . 8 

29 . 0 

8 . 7 

6 

19 . 5 

8 . 6 

29  . 8 

8 . 7 

9 

19 . 5 

8 . 0 

29  . 8 

8 . 7 

12 

19 . 0 

6 . 5 

30.  5 

8 . 7 

13 

16 

5.8 

31  . 2 

8.6 

14 

15 

4.  5 

31  . 2 

8.6 

15 

14.5 

3 . 2 

31 . 2 

8 . 3 

18 

13 

2.6 

32.0 

8 . 3 

21 

12 

2.2 

32 . 0 

8 . 2 

24 

11 

1.6 

31 . 2 

8 .0 

*Time  - 14:00. 


Insufficient  measurements  were  made  in  the  upper  water  (sur- 
face to  about  14.5  m)  after  Dump  No.  3B  to  characterize  change 
in  D.O.  that  may  have  resulted  from  the  dump.  The  D.O.  con- 
centrations in  the  upper  waters  about  30  minutes  after  Dump  No 
3B  were  higher  than  they  had  been  at  the  time  of  Dump  No.  3A. 

The  D.O.  values  at  16.5  to  18  m ranged  from  zero  to 
1.8  mg/1  during  monitoring  while  below  18  m all  values  were 
essentially  zero  during  monitoring.  Since  a complete  pre- 
disposal bottom  water  D.O.  profile  was  not  made,  any  change  in 
bottom  concentrations  resulting  from  the  dumps  is  unclear,  in- 
dicating that  there  may  have  been  a reduction  in  D.O.  in  the 
near  bottom  waters  at  the  Hudson  following  Dump  No.  3 A. 
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Depth  (m) 


Table  494 

Dissolved  Oxygen,  Temperature,  and  pH  Profiles: 
New  York  Bight  Dump  No.  3,  Dredged  Material 
from  Bay  Ridge  Channel 
(Collected  at  the  Hudson) 


Time 
(hr :min) 


Depth 

(m) 


Dissolved 
Oxygen 
(mg/1 ) 


Temperature 

(°C) 


11 

15 

1 

7 

. 9 

19. 

, 4 

8 

. 0 

11 

17 

2 

8 

. 3 

19  . 

. 4 

8 

. 0 

11 

18 

3 

8 

.2 

19  . 

. 4 

8 

. 0 

11 

18 

4 

8 

. 2 

19  . 

, 4 

8 

. 0 

11 

18 

4 . 5 

8 

. 2 

19  , 

. 4 

8 

. 1 

5.5 

8 

. 3 

19. 

. 4 

8 

. 1 

11 : 

: 1 9 - Dump 

No 

. 3A 

occurred . 

11 

19 

6 

8 

. 2 

19. 

. 3 

8 

. 1 

11 

19 

7 

7 

. 7 

19. 

, 4 

8 

. 1 

11 

20 

8 

7 

. 6 

19, 

, 5 

8 

. 1 

11 

20 

9 

7 

. 6 

19. 

. 5 

8 

. 1 

11 

20 

11 

6 

. 6 

19  . 

. 4 

8 

. 0 

11 

21 

13 

5 

. 1 

15. 

. 9 

7 

. 9 

11 

21 

14.5 

10 

.2? 

13. 

. 8 

7 

. 7 

11 

21 

16.5 

1 

. 3 

13, 

. 1 

7 

. 6 

11 

22 

18 

0 

. 8 

12. 

, 1 

7 

. 5 

11 

22 

20 

0 

. 3 

10. 

. 9 

7 

. 4 

11 

23 

22 

0 

. 2 

10. 

, 6 

7 

, 4 

11 

23 

24 

0 

. 3 

10. 

. 2 

*7 

. 4 

11 

24 

22 

0 

. 3 

10  . 

, 6 

7 

. 4 

11 

24 

20 

0 

11 . 

.1 

7 

. 5 

11 

24 

18 

0 

. 4 

12. 

, 1 

7 

. 5 

11 

25 

16  . 5 

0 

. 5 

13, 

.1 

7 

. 5 

11 

25 

14 . 5 

1 

. 5 

13. 

. 2 

7 

. 6 

11 

25 

13 

3 

. 1 

15  . 

. 4 

7 

. 7 

11 

26 

11 

6 

. 4 

19. 

, 2 

8 

. 0 

11 

26 

9 

7 

. 5 

19. 

. 5 

8 

. 1 

11 

26 

7 

8 

. 9 

19. 

, 4 

8 

. 1 

11 

27 

5 . 5 

10 

. 0 

19. 

, 4 

8 

i 2 

11 

27 

4 

10 

. 1 

19  . 

. it 

8 

. 2 

11 

27 

2 

9 

. 8 

19  . 

, 4 

8 

. 2 

11 

28 

1 

9 

. 9 

19  . 

, 4 

8 

, 2 

11 

28 

2 

9 

. 7 

19. 

, 4 

8 

2 

11 

28 

4 

9 

. 6 

19  . 

, 4 

8 

o 

11 

29 

5 . 5 

9 

. 4 

19. 

, 4 

8 

2 

11 

29 

7 

8 

. 8 

19. 

, 4 

8 

, 2 

11 

30 

9 

*7 

/ 

. 8 

19. 

. 5 

8 

, 1 

11 

30 

11 

6 

. 8 

19. 

. 3 

8 

,1 

11 

31 

13 

5 

. 2 

15. 

.0 

7 

, 8 

(Continued ) 
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Table  494  (Continued) 


Time 
(hr : min) 

Depth 

(m) 

Dissolved 
Oxygen 
(mg/1 ) 

Temperature 

(°C) 

PH 

11:31 

14 . 5 

3.0 

14.1 

7 . 7 

11 : 31 

16.5 

1.  3 

12.9 

7 . 6 

11 : 3-2 

18 

0.6 

12 . 0 

7.6 

11:32 

20 

0.2 

10.8 

7 . 5 

11 : 32 

22 

0 

10.3 

7.5 

11  : 

: 3 2 : 1 5 - 

Dump  No.  3B 

occurred . 

11:33 

24 

0 

10 . 0 

7.4 

11 : 33 

22 

0 

10.4 

7.5 

11 : 33 

20 

0.1 

11.6 

7 . 5 

11:34 

18 

0.3 

12.7 

7.5 

11 : 34 

16  . 5 

1.2 

13 . 9 

7 . 6 

11:  34 

14.5 

4 . 9 

18.6 

7.9 

11 : 35 

13 

6.9 

19.3 

8 . 0 

11:35 

11 

7.7 

19.6 

8.1 

11:35 

9 

8 . 5 

L9  . 5 

8 . 1 

11:36 

7 

8 . 5 

19.4 

8.2 

11 : 36 

5.  5 

9.5 

19.4 

8.2 

11 : 36 

4 

9.6 

19 . 4 

8.2 

11:37 

2 

9.4 

19.4 

8 . 2 

11:37 

1 

9.4 

19.4 

8.2 

11 : 37 

2 

9.4 

19.4 

8 . 2 

11:37 

4 

0.4 

19.4 

8 . 2 

11 : 37 

5.5 

9 . 4 

19.4 

8 . 1 

11:38 

7 

8.7 

19.4 

8.1 

11:38 

18 

0.7 

12 . 2 

7 . 6 

11:39 

20 

0.3 

10.9 

7 . 5 

11:39 

22 

0.2 

10.5 

7.5 

11:40 

24 

0 

10.1 

7 . 5 

11:40 

22 

0 

10.4 

7.5 

11:40 

20 

0.1 

11.7 

7 . 5 

11:40 

18 

0.30 

12 . 4 

7 . 5 

11:41 

16 . 5 

1 . 0 

13 . 0 

7.6 

11 : 41 

18 

1.0 

12.4 

7.5 

11:41 

20 

0.1 

10.9 

7 . 5 

11:42 

22 

0 

12.6 

7.5 

11:42 

24 

0 

12.6 

7.5 

11:42 

22 

0 

11.8 

7.5 

11:43 

20 

0 

10.6 

7.5 

11:43 

18 

0 

10.8 

7.5 

11:43 

16.5 

0 

12.2 

7.5 

11:44 

18 

0.2 

11.8 

7.5 

11:44 

20 

0 

11.1 

7.5 

11:44 

22 

0 

10.6 

7.8 

11:44 

24 

0 

10.7 

7.5 

11:45 

22 

0 

10.4 

7.5 

(Continued ) 

l08e 


Table  494  (Continued) 


Dissolved 


Time 
(hr: min ) 

Depth 

(m) 

Oxygen 
(mg/1 ) 

Temperature 

(°C) 

pH 

11:45 

20 

0 

10.9 

7.5 

11:45 

18 

0 

12 . 4 

7.5 

11:46 

16 . 5 

1.4 

14 . 4 

7.6 

11:46 

18 

2 . 0 

12.7 

7.6 

11:46 

20 

0.5 

12.1 

7 . 5 

11:47 

22 

0 

10.9 

7 . 5 

11:47 

24 

0 

10.  7 

7.5 

11:47 

22 

0 

10.7 

7 . 5 

11:47 

20 

0 

11.3 

7.5 

11:48 

18 

0 

12.4 

7.6 

11 : 48 

16 . 5 

0.6 

13.1 

7.6 

11:48 

18 

0.7 

12.6 

7.6 

11:49 

20 

0.4 

11.7 

7 . 5 

11:49 

22 

0 

10.6 

7 . 5 

11:49 

24 

0 

10.5 

7 . 5 

11 : 50 

22 

0 

10.5 

7 . 5 

11 : 50 

20 

C 

11 . 1 

7.5 

11 : 50 

18 

0 

12.3 

7.5 

11 : 51 

16.5 

0.7 

13 . 4 

7.6 

11:51 

18 

1.1 

12.3 

7.6 

11:  51 

20 

0 

11.1 

7 . 5 

11:51 

22 

0 

10.7 

7.5 

11 : 52 

24 

0 

10.5 

7.5 

11 : 52 

22 

0 

10.8 

7 . 5 

11:52 

20 

0 

12.0 

7 . 5 

11 : 52 

18 

0 

12.4 

7.5 

11:53 

16 . 5 

0.8 

13.4 

7.6 

11:53 

18 

1.2 

12.7 

7.6 

11:53 

20 

0.4 

12.0 

7.6 

11:54 

22 

0 

10.7 

7 . 5 

11 : 54 

24 

0 

10.6 

7.5 

11:54 

22 

0 

10.7 

7 . 5 

11 : 54 

20 

0 

11.9 

7.5 

11 : 55 

18 

0.6 

12.7 

7.6 

11:55 

16 . 5 

1 . 8 

14.1 

7.6 

11:55 

18 

1.3 

12.7 

7.6 

11:56 

20 

0.5 

11.9 

7.6 

11 : 56 

22 

0 

10.9 

7.5 

11:56 

24 

0 

10.6 

7.5 

11:57  . 

22 

0 

10.8 

7 . 5 

11:57 

20 

0 

11 . 5 

7.5 

11:57 

18 

0.1 

12.3 

7.5 

11:57 

16.5 

0.6 

13.1 

7.6 

11:58 

18 

0.5 

12.1 

7.6 

(Continued) 
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TEXAS  UNIV  AT  DALLAS  RICHARDSON  F/6  13/3 

EVALUATION  OF  THE  ELUTRIATE  TEST  AS  A METHOD  OF  PREDICTING  CONT-ETC(U) 
AUG  78  6 F LEE*  R A JONES*  F Y SALEH  DACW39-75-C-0102 

WES-TR-D-78-45-V0L-2  NL 


Table  494  (Concluded) 

Dissolved 


Time 
(hr :min) 

Depth 

(m) 

Oxygen 

(mg/1) 

Temperature 

(°C) 

PH 

11 

58 

20 

0.  3 

11. 

8 

7. 

, 5 

11 

58 

22 

0 

10. 

8 

7 , 

, 5 

1 1 

59 

24 

0 

10. 

7 

7 , 

. 5 

11 

59 

22 

0 

10. 

6 

7 , 

. 5 

11 

59 

20 

0 

11. 

3 

7, 

, 5 

12 

00 

18 

o ■ 

12. 

2 

7 , 

, 5 

12 

00 

16.5 

0.6 

12. 

9 

8 , 

.6 

12 

00 

18 

0.7 

12. 

4 

7 , 

.6 

12 

01 

20 

0.2 

11. 

3 

7 , 

. 5 

12 

01 

22 

0.4 

10. 

7 

7 , 

. 5 

12 

01 

24 

0 

10. 

8 

7 , 

. 5 

12 

01 

22 

0 

10. 

7 

7, 

. 5 

12 

02 

20 

0 

11. 

2 

7, 

. 5 

12 

02 

18 

0 

12. 

1 

7 , 

. 5 

12 

02 

16.  5 

0 . 5 

13. 

3 

7 , 

.6 

12 

03 

18 

1.1 

12. 

2 

7, 

, 6 

12 

03 

20 

0 . 3 

11. 

5 

7 , 

. 5 

12 

03 

22 

0 

10. 

8 

7 , 

. 5 

1] 

03 

24 

0 

10. 

8 

7. 

. 5 

12 

04 

22 

0 

10. 

7 

7, 

, 5 

12 

04 

20 

0 

11. 

6 

7 , 

, 5 

12 

04 

18 

0 . 1 

12. 

4 

7 , 

. 5 

12 

05 

16 . 5 

0.8 

13. 

7 

7 , 

. 6 

12 

05 

18 

1 . 2 

12. 

4 

7 , 

.6 

12 

05 

20 

0.  5 

11  . 

6 

7 , 

. 5 

12 

05 

22 

0 

10. 

8 

7 , 

. 5 

12 

06 

24 

0 

10. 

9 

7, 

, 5 

12 

06 

22 

0 

10. 

9 

7 , 

. 5 

12 

06 

2 0 

0 

11. 

7 

7 . 

. 5 

12 

07 

18 

0.4 

12. 

4 

7 , 

.6 

12 

07 

16.5 

1.0 

13. 

7 

7 . 

, 6 

12 

08 

14.5 

4 . 5 

15. 

3 

7 , 

, 8 

12 

08 

13 

5.8 

18  . 

9 

8 . 

, 0 

12 

08 

11 

7 . 8 

19. 

6 

8 , 

. 1 

12 

09 

9 

8 . 6 

19  . 

5 

8 . 

, 2 

12 

09 

7 

8.7 

19. 

4 

8 , 

, 2 

12 

09 

55 

10.3 

19. 

5 

8 . 

, 2 

12 

10 

4 

10.3 

19. 

6 

8, 

, 2 

12 

10 

2 

10 . 1 

19  . 

6 

8 , 

,2 

12 

10 

1 

9.6 

19. 

6 

8. 

, 2 

*Mea . iurements  made  using  n.ESSEY  Environmental  Systems 
Model  3500  Ditital  Display  - owned  and  operated  by 
Corps  oi  Engineers  - New  York  District. 
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Table  4 3 i (Continued) 


Table  *«95 (Concluded) 


However,  the  pre-disposal  Measurements  made  aboard  the  Hatton 
showed  that  the  D.O.  below  15  m ranged  with  depth  from  3.2  to 
1.6  mg/1. 

Water  column  temperature  generally  ranged  from  about 
19.S°C  in  the  surface  water  to  about  10.5°C  in  the  near  bottom 
water.  The  dumping  did  not  appear  to  have  affected  water  column 
temperatures.  The  D.O.  concentrations  in  the  surface  waters 
were  at  or  above  D.O.  saturation  for  this  temperature  and  salinity. 

Heavy  metals.  Tables  h gg  and  497  show  the  soluble 
metal  concentrations  in  the  samples  taken  from  the  two  locations 
during  Dump  No.  3.  The  most  signif icant  effect  of  the  dump  and 
plume  on  metals  concentrations  was  the  observed  increase  in  iron. 
Seven  samples,  all  of  which  were  associated  with  elevated  tur- 
bidity, had  concentrations  over  1,000  pg/1. 

Background  manganese  concentrations  in  the  near  bottom 
waters  ranged  from  less  than  10  (detection  limit)  to  44  ug/1. 

Only  three  samples  from  near  bottom,  all  in  the  second  plume, 
contained  concentrations  higher  than  44  ug/1.  These  ranged 
from  60  to  93  ug/1  manganese.  Mercury  concentrations  increased 
in  mid-depth  and  near  bottom  waters.  In  the  mid-depth  samples 
the  concentrations  ranged  from  less  than  0.005  (detection  limit) 
to  0.177  ug/1  mercury.  The  bottom  samples  ranged  from  less  than 
0.005  to  0.144  ug/1  mercury.  Concentrations  in  the  four  surface 
samples  ranged  from  less  than  0.005  to  0.062  ug/1  mercury. 

Very  few  samples  collected  contained  cine  or  copper 
concentrations  over  the  detection  limit  (1  ug/1).  The  highest 
zinc  concentrat ion  was  25.9  ug/li  found  at  the  near  bottom  2.5 
minutes  after'  second  dump.  The  other  samples  containing  con- 
centrations above  detection  limits  (13  individual  samples) 
ranged  from  1.2  to  4.0  ug/1  zinc.  The  highest  copper  concen- 
tration measured  was  59  ug/1  near  the  bottom  at  1.75  min 
after  the  second  dump.  The  other  11  concentrations  above  the 
detection  limit  ranged  from  1.0  to  3.2  ug/1  copper. 
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able  4", 7 (Concluded) 


* 


Soluble  lead  and  arsenic  concentrations  also  showed 
moderate  increases  as  a result  of  the  dumping  operation.  The 
highest  lead  concentration  was  21.5  yg/1  in  one  near  bottom 
sample.  Others  above  the  detection  unit  (1  yg/1)  ranged  from 
1.1  to  8.6  yg/1.  Background  arsenic  levels  ranged  from  3.1 
to  4.7  yg/1.  Maximum  arsenic  concentrations  for  near  bottom, 
mid-depth  , and  surface  samples  were  14.8,  13.1,  and  10.7  yg/1, 
respectively.  There  were  no  significant  changes  in  cadmium, 
chromium, or  nickel  concentrations  resulting  from  the  third 
disposal . 

Soluble  heavy  metals  concentrations  in  the  samples 
collected  on  the  Hudson  (Table  497)  showed  the  same  pattern  seen 
in  the  samples  collected  on  the  Ha Eton . The  Dump  No.  3A  plume 
reached  the  Hudson  approximately  14  min  after  the  dump.  The 
second  plume  reached  the  Hudson  approximately  10.75  min 
after  Dump  No.  3A.  There  were  elevated  iron  concentrations 
associated  with  all  bottom  samples  which  had  a high  turbidity 
due  to  the  plume  passage.  Concentrations  in  the  first  plume 
reached  429  ug/1  iron  and  in  the  second  plume  reached  1586  yg/1. 

Very  few  samples  contained  manganese,  cadmium,  ar- 
senic, or  mercury  concentrations  above  background  levels.  Back- 
ground concentrations  of  manganese  ranged  from  less  than  10 
to  158  yg/l  at  surface,  mid-depth,  and  bottom.  Samples  taken 
in  the  plumes  near  the  bottom  ranged  from  less  than  10  to 
147  yg/1  manganese.  Background  cadmium  levels  were  below  the 
detection  limit  at  all  depths.  Samples  above  the  detection 
limit  ranged  from  0.5  to  1.1  ug/1-  Background  arsenic  concen- 
trations were  4.9  to  23.9  yg/1-  Samples  collected  during  plume 
passage  ranged  from  less  than  2 (detection  limit)  to  45.6  yg/1 
arsenic.  Background  mercury  concentrations  were  unusually 
high.  Surface,  mid-depth,  and  bottom  concentrations  were  0.020  , 
0.080,  and  0.115  ye/1  mercury,  respectively.  One  bottom  sample 
collected  approximately  10  minutes  after  the  dump  contained 
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0.207  Mg/1  mercury.  The  others  contained  from  0.010  to  0.100 
Mg/1  mercury  at  all  depths. 

There  was  some  release  of  chromium,  zinc,  lead,  and 
copper.  Background  chromium  concentrations  were  below  the 
detection  limit  (2  ug/1)-  A number  of  samples  from  surface, 
mid-depth  ,and  near  bottom  taken  during  the  passage  of  the  second 
turbid  plume  contained  concentrations  ranging  from  2.1  to  4.0 
Mg/1  chromium.  Background  zinc  concentrations  were  below  the 
detection  limit  of  1 Mg/1  at  surface  and  near  bottom  and  1.2 
Mg/1  zinc  at  mid-depth.  Concentrations  in  a few  near  bottom 
and  mid-depth  samples  in  the  first  plume  ranged  from  3.8  to 
121.3  Mg/1  zinc.  Concentrations  late  in  the  second  plume 
ranged  from  1.0  to  8.6  Mg/1  zinc.  Background  lead  concentra- 
tions ranged  from  2.3  to  4.0  Mg/1-  Bottom  concentrations  in 
the  first  plume  reached  8.4  pg/1-  In  the  second  plume,  lead 
concentrations  in  near  bottom  water  were  generally  1.6  to  8.5 
Mg/1.  One  sample  contained  53.9  Mg/1  lead.  Copper  concentra- 
tions prior  to  Dump  No.  3B  ranged  from  1.0  to  3.8  Mg/1-  Many 
samples  collected  during  passage  of  the  plume  had  concentra- 
tions below  the  detection  limit  of  1 pg/l.  Th°se  above  the 
detection  limit  in  the  first  plume  ranged  from  1-0  to  3.5  Mg/1 
copper.  Those  above  the  detection  limit  in  the  second  plume 
generally  ranged  from  1.3  to  12.6  Mg/1-  One  sample  contained 
71  Mg/1  soluble  copper. 

Nickel  concentrations  prior  to  the  arrival  of  the 
plume  from  Dump  No.  3B  ranged  from  4.6  to  8.2  Mg/1-  Concen- 
trations in  samples  collected  during  Dump  No.  3B  plume  passage 
ranged  from  less  than  2 to  7.8  Mg/1  nickel.  A slight  trend 
of  nickel  decrease  was  indicated. 

In  summary,  the  most  notable  effect  of  these  disposal 
operations  on  soluble  heavy  metals  concentrations  at  the  dis- 
posal site  was  release  of  iron  associated  with  high  turbidity. 
There  was  also  some  indication  of  release  of  mercury. 


V 


1102 


Nitrogen  compounds. 


The  ammonium  and  nitrate  data 


for  the  water  samples  collected  during.  Dump  No.  3 I row  the 
Ha  1 1 on  are  presented  in  Table  408  . liven  though  t ew  sampler, 
were  collected,  it  appears  that  the  Dumps  Nos.  JA  and  3B  had 
no  effect  on  the  surface  water  ammonium  coneentrat ions  at  the 
Ha  t ton . There  was  possible  effect  of  Dump  No.  3B  on  Nil*  in  mid- 
depth water  two  minutes  after  the  dump  which  persisted  tor  lens 
than  one  minute.  Figure  1 7 1-  presents  ammonium  coneentrat ions  in 
the  near  bottom  waters  at  the  Hatton.  Ammonium  showed  two  peaks, 
following  Dump  No.  3 A.  However,  much  higher  ammonium  release 
was  observed  following  Dump  No.  3B.  Coneentrat ions  showed  some 
fluctuation  and  though  at  one  point  dropped  to  the  ambient  level, 
did  not  quite  level  oft  at  this  level  during  the  span  of  the 
sampling  period.  The  ammonium  release  (.'.75  mg  N/.l)  as  a result 
of  Dump  No.  JB  was  higher  than  that  observed  during,  any  other 
disposal  operation  in  this  area.  There  was  no  signiticant  effect 
of  Dumps  Nos.  3A  and  3B  on  the  nitrate  coneentrat ions . 

The  results  of  the  ammonium  analyses  for  the  water 
samples  collected  following  Dumps  Nos.  3A  and  3B  from  the  Hudson 
are  presented  in  Table  M 9 9 . Insufficient  data  limited  any  state- 
ment about  the  effect  of  Dump  No.  3A  on  the  water  column.  As  a 
result  of  Dump  No.  3B,  ammonium  in  the  mid-depth  water  increased 
six  minutes  alter  the  dump  and  persisted  for  less  than  three 
minutes.  The  bottom  water  ammonium  coneentrat ion  (see  Figure  1"  ' ) 
which  showed  wide  fluctuations,  returned  to  values  obtained  for 
the  single  sample  taken  after  Dump  No.  3A  occurred. 

Phosphorus  compounds . In  the  near  bottom  waters  at 
the  Hat  ton  soluble  ortho  P concentrations  increased  coincident 
with  increases  in  turbidity  following  Dumps  Nos.  3A  and  3B  (Table 
500  ).  Pre-disposal  concentrations  in  near  bottom  waters  were 
about  0.04  mg  P/1.  The  small  peak  at  11:23  hrs  (to  01004  mg  P/1) 
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Table  '(98 

Ammonium  Data:  New  York  Bight  Dump  No.  3 
Dredged  Material  from  Bay  Ridge  Channel 
(Collected  from  the  Hatton) 

(mg  N / 1 ) 


(hr 

Time 

: min : sec ) 

Depth 

(m) 

Ammonium 
(mg  N/l ) 

N i t ra  t e 

11 

1 1 

00 

0.05 

0.07 

0. 

04 

1 l 

1 1 

4 5 

12 

0.09 

0. 

04 

11 

1? 

15 

24 

0.33 

0. 

04 

1 1 

18 

l 5 

0.5 

0.14 

0. 

04 

11 

19 

00 

24 

0.15 

0. 

04 

1 1 : 

19 : 

00 

Dump  3 A ' 

occurred . 

11 

21 

8 0 

24 

0.28 

0. 

04 

1 1 

) 2 

30 

0.5 

0.12 

0. 

04 

11 

o 0 

4 5 

12 

0.06 

0. 

04 

11 

2 8 

00 

24 

0.69 

0. 

04 

11 

2 8 

8 0 

12 

0.05 

0. 

04 

1 1 

23 

4 5 

24 

0.51 

0. 

04 

11 

24 

00 

24 

0.33 

0. 

04 

11 

24 

30 

12 

0.09 

0. 

04 

11 

25 

15 

2 4 

0.29 

0. 

04 

11 

25 

1 5 

24 

0.31 

0. 

04 

11 

26 

00 

12 

0.09 

0. 

04 

11 

27 

00 

24 

0.26 

0. 

04 

11 

27 

30 

12 

0.06 

0. 

04 

11 

29 

00 

0.5 

0.08 

0. 

04 

11 

29 

3 0 

12 

0.05 

0. 

04 

11 

30 

0 0 

24 

0.78 

0. 

04 

11 

: 32 

: 1 5 

Dump  3 B 

occurred . 

11  : 

32 

3 0 

0.5 

0.05 

0. 

06 

11 

32 

45 

12 

0.05 

0. 

04 

11 

33 

00 

24 

0.4  2 

0. 

15 
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Table  498 (Concluded) 


Time 

(hr: min : sec ) 

Depth 

(m) 

Ammonium 
(mg  N/l ) 

Nitrate 

11:33:45 

12 

0.05 

0.05 

11:34:00 

24 

0.41 

0.06 

11:34:20 

12 

0.31 

0.05 

11 : 34  : 4 0 

24 

0.25 

0.04 

11:35:  00 

12 

0.05 

0.04 

11 : 35  : 30 

24 

0.18 

0.04 

11:36:00 

12 

0.05 

0.05 

11:36: 15 

24 

2.75 

0 . 04 

11 : 36:45 

12 

0.05 

0.06 

11:37:00 

24 

1.71 

0.05 

11:37:15 

24 

1.4  0 

0.04 

11:37:45 

24 

1.33 

0.04 

11 : 38  : 00 

24 

0.98 

0.05 

11:41:15 

0.5 

- 

0.04 

11:41:30 

12 

0.05 

0.06 

11:41:45 

2 4 

0.64 

0.04 

11:46:00 

24 

0.66 

0.04 

11:50:45 

0.5 

0.05 

0.04 

11:51:30 

12 

0.05 

0 . 04 

11:52:00 

24 

0.18 

0.04 

12 : 03 : 15 

24 

0.50 

0. 04 

Dash  (-)  indicates  data  not  available. 
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Ammon i urn  (mg  N/  1 ) 


Table  499 

Ammonium  Data:  New  York  Bight  Dump  No.  3 
Material  Dredged  from  Bay  Ridge  Channel 
(Collected  from  the  Hudson) 

(mg  N/l) 

(mg  N / 1 ) 

Time  Depth  Ammonium  Nitrate 

(hr: min: sec)  (m)  (mg  N/l) 


11:19:00  Dump  3A  occurred. 


11 

19 

30 

1 

0.06 

0. 

. 04 

11 

19 

35 

12 

0.07 

0. 

. 04 

11 

19 

40 

23 

0.21 

0 , 

. 04 

11:32:15  Dump 

3B  occuri'ed. 

11 

32 

50 

23 

0.70 

0. 

,11 

11 

33 

00 

12 

0.05 

0. 

, 04 

11 

33 

15 

23 

0.41 

0. 

, 06 

11 

34 

00 

23 

0.39 

0. 

, 05 

11 

35 

55 

12 

0.05 

0. 

, 04 

11 

35 

55 

23 

0.34 

0, 

, 06 

11 

36 

00 

1 

0.05 

0. 

, 04 

11 

37 

00 

23 

0.58 

0. 

, 06 

11 

37 

10 

12 

0.05 

0, 

, 04 

11 

37 

40 

23 

0.88 

0. 

,06 

11 

38 

25 

12 

0.44 

0, 

, 04 

11 

39 

05 

23 

0.42 

0. 

, 05 

11 

39 

50 

23 

0.55 

0. 

, oc 

11 

40 

30 

1 

0.08 

0. 

, 04 

11 

40 

35 

23 

0.27 

0. 

, 04 

11 

41 

20 

12 

0.05 

0. 

, 04 

11 

41 

25 

23 

0.34 

0. 

04 

11 

42 

20 

23 

0.30 

0. 

, 04 

11 

43 

00 

23 

1.65 

0. 

06 

11 

43 

45 

23 

1.26 

0. 

, 04 
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1 


V 


■ ^ 


t 


le  Depl 

( hr : min : sec ) (m! 


11:44:35 

23 

0.90 

0.05 

11:45:15 

23 

0.81 

0.05 

11:46: 00 

23 

0.72 

0.05 

11:47: 00 

23 

0.69 

0.05 

11:47:35 

23 

0.98 

0.06 

11:48:20 

23 

0.72 

0.06 

11:49:05 

23 

0.48 

0.06 

11:49:50 

23 

0.54 

0.05 

11:50:45 

23 

0.20 

0.05 

11:51 : 35 

23 

0.44 

0.05 

11:52:30 

23 

0.32 

0.04 

11:53:30 

23 

0.37 

0.05 

11:54:25 

12 

0.05 

0.06 

11:54:32 

1 

0.05 

0.09 

11:54:32 

23 

0.44 

0.06 

11:55:30 

23 

0.30 

0.06 

11:57:05 

23 

0.50 

0.05 

11:58:20 

23 

0.44 

0.05 

12:04:05 

12 

0.05 

0.06 

12:04:10 

23 

0.58 

0.06 

12:04:40 


0.05 


0.06 


i 
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Ammon i urn  (mg  N / 1 ) 


Table  500 

Soluble  Orthophosphate  Concentrations:  New  York  Bight  Dump 
No.  3,  Dredged  Material  from  Bay  Rid.re  Channel 
(Collected  from  the  Hatton) 


Time 

Depth 

Soluble  Ortho 

P (rnp  P/1) 

hr : min : 

sec) 

(m) 

X 

SD 

11  : 

11 

00 

0.5 

0 

. 018 

_ 

11 

11 

45 

12 

0 

.016 

— V ' 

11: 

12 

10 

24 

0 

.039 

11 

18 

15 

0.5 

<0 

. 01 

- 

11 

18 

45 

12 

0 

. 016 

- 

11:19  - Dump  No. 

3 A occurred. 

11 

19 

00 

24 

0 

. 024 

0.001 

11 

21 

30 

24 

0 

.047 

- 

11 

22 

30 

0.5 

0 

. 022 

- 

11 

22 

45 

12 

0 

.012 

- 

11 

23 

00 

24 

0 

. 094 

- 

11 

23 

30 

12 

0 

. 010 

- 

11 

23 

45 

24 

0 

. 064 

0 

11 

24 

00 

24 

0 

.047 

- 

11 

24 

30 

12 

0 

.015 

- 

11 

25 

15 

24 

0 

.056 

- 

11 

25 

15 

24 

0 

.018 

0.001 

11 

26 

00 

12 

< 0 

.01 

- 

11 

27 

00 

24 

0 

.058 

- 

11 

27 

30 

12 

0 

.01 

- 

11 

29 

00 

0 . 5 

0 

.27 

- 

11 

29 

30 

12 

0 

. 28 

- 

11 

30 

00 

24 

0 

. 16 

- 

11:32:15  - Dump  No.  3B  occurred. 


11 

32 

30 

0.5 

0 . 

, 012 

- 

11 

32 

45 

12 

0. 

,013 

11 

33 

00 

24 

0. 

, 26  * 

0.001 

11 

33 

45 

12 

0. 

, 091 

- 

11 

34 

00 

24 

0. 

,0  36 

- 

11 

34 

20 

12 

0 . 

,60 

- 

11 

34 

40 

24 

0 . 

, 06  8 

- 

11 

35 

00 

12 

0 , 

.035 

- 

11 

35 

30 

24 

0, 

. 048 

- 

11 

36 

00 

12 

0. 

,049 

- 

11 

36 

15 

24 

0 , 

.10 

- 

11 

36 

15 

24 

0 , 

.71 

- 

11 

36 

45 

12 

0, 

. 052 

- 

11 

37 

00 

24 

0, 

. 27 

- 

(Cont inued) 
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Table  500  (Concluded) 


Time 

hr : min : sec ) 

Depth 

(m ) 

Soluble  Ortho  P (mg  P.'l) 

X SD 

11 

37. 

IS 

24 

0. 

21 

11 

37 

4 5 

24 

0. 

18 

11 

38 

00 

24 

0. 

9 9 

11 

41 

15 

0 . 5 

0. 

10 

__ 

11 

41 

30 

12 

0 . 

Oil 

11 

41 

45 

24 

0 . 

19 

_ 

11 

46 

00 

24 

0. 

19 

11 

50 

45 

0.  5 

0. 

055 

_ 

51 

30 

12 

0. 

043 

11 

52 

00 

24 

0 . 

040 

.. 

12 

03 

15 

24 

0. 

081 

- 

Mean  and  standard  deviation  calculated  from  duplicate  analyses  V 

of  one  sample. 

Dash  (-)  indicates  only  one  analysis  made. 


*Sample  refiltered  through  0.2  p pore  sine  membrane  filter 
prior  to  analysis. 


coincided  with  an  increase  in  turbidity  to  GUO  NTU  (from  10 
to  12  NTU  ambient).  An  increase  to  0.26  mg  P/1  occurred  about 
a minute  following  Dump  No.  0B.  (This  was  one  sample  that  had 
been  refiltered  throvigh  a 0.2  p pore  size  membrane  filter  to 
remove  fine  material  suspended  in  the  filtered  sample).  Within 
one  minute,  concentrations  were  back  to  pre-disposal  levels 
and  then  increased  again  with  the  increase  in  turbidity.  The 
soluble  ortho  P concentration,  and  likewise  the  turbidity, 
remained  elevated  for  at  least  five  minutes  following  that 
peak.  Twenty  minutes  after  Dump  No.  3B,  near  bottom  water 
concentrations  at  the  Hatton  had  returned  to  pre-disposal  con- 
centrations. As  shown  in  Table  501,  the  near  bottom  water  at 
the  Hudson , which  was  located  near  down  bottom  current  from 
the  Hatton,  the  soluble  ortho  P concentration  was  0.026  mg,  P/1 
40  seconds  after  Dump  No.  3A.  This  table  also  shows  that  near 
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Table  501 


Soluble  Orthophosphate  Concentrat ions : New  York  Bight  Dump 


No.  1,  Dredged  Material  from  Bay  Ridge  Channel 


(Collected 

from 

the  Hud.son) 

Time 

Depth 

Soluble  Ortho  P 

(mg  P/1) 

hr: min: 

sec ) 

(m) 

X 

SD 

11  : 

19 

- Dump  No 

. 3 A 

ho" irred . 

11 

19 

30 

1 

0 

.017 

- 

11 

19 

3 5 

12 

0 

.013 

- 

11 

19 

40 

23 

0 

.038 

- 

11 : 

32: 

15  - Dump  No. 

. -P 

ui  re  ! . 

11 

3? 

50 

23 

0 

. 10 

- 

11 

32 

59 

12 

0 

. 01 

0.001 

11 

3 3 

15 

23 

0 

. 066 

- 

11 

34 

00 

23 

0 

.13 

0.001 

11 

35 

55 

12 

<0 

. 01 

- 

11 

35 

55 

23 

0 

. 075 

- 

11 

36 

00 

1 

0 

. 017 

- 

11 

37 

00 

23 

0 

. 060 

- 

11 

37 

10 

12 

<0 

.01 

- 

11 

37 

40 

23 

0 

. 096 

- 

11 

38 

25 

12 

0 

. 081 

- 

11 

39 

05 

23 

c 

. 066 

0.001 

11 

39 

50 

? 3 

0 

. 18 

- 

11 

40 

30 

i 

0 

. 019 

- 

11 

4 0 

35 

23 

0 

. 047 

o.  om 

11 

41 

20 

12 

<0 

. 01 

- 

11 

41 

25 

73 

0 

. 056 

- 

11 

4 2 

20 

23 

0 

. 049 

- 

11 

4 3 

00 

23 

0 

.16 

- 

11 

4 3 

4 5 

23 

0 

.14 

- 

11 

4 4 

35 

23 

0 

. 06  2 

- 

11 

4 5 

15 

23 

0 

.21 

0.001 

11 

46 

00 

2 3 

0 

.16 

- 

11 

47 

00 

2 3 

0 

. 1? 

- 

11 

47 

35 

2 3 

0 

. 24 

- 

11 

48 

20 

23 

0 

.25 

- 

11 

49 

05 

2 3 

0 

. 10 

- 

11 

49 

50 

2 3 

0 

. 14 

- 

11 

50 

45 

23 

0 

. 070 

0.001 

11 

51 

35 

23 

c 

.47 

- 

11 

52 

30 

2 3 

0 

.054 

- 

11 

5 3 

30 

2 3 

n 

.13 

- 

11 

54 

25 

12 

0 

. 020 

- 

11 

54 

32 

1 

0 

.054 

- 

11 

54 

32 

2 3 

0 

. 071 

- 

(Continued) 
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Table  501  (Concluded) 


T ime 

hr : min : sec ) 

Depth 

(m) 

Soluble  Ortho  •' 

x 

(mg  F ' 1 ) 

SD 

11:55:50 

23 

0.058 

_ 

11:57:05 

2 3 

0.11 

- 

11:58:20 

23 

0 . 074 

- 

12:04:05 

12 

0.052 

0.001 

12:04:10 

2 3 

0.091 

- 

12:04:40 

i 

0.024 

- 

Mean  and  standard  deviation  calculated  from  duplicate  analyses 
of  one  sample. 

Dash  (-)  indicates  onlv  one  analysis  made. 


bottom  concentrations  after  Dump  Mo.  3B  fluctuated  between 
0.047  and  0.47  mg  P/1  but  without  consistent  relationship 
to  the  turbidity  values.  The  data  show  an  increase  in  soluble 
ortho  P concentrat ion  above  ambient  in  near  bottom  waters  dur- 
ing the  sampling  period.  The  peaks  and  troughs,  appearing  to  be 
highly  erratic,  could  not  be  correlated  with  the  two  disposal 
events.  The  maximum  concentrat ions  found  in  the  near  bottom 
waters  at  both  sampling  locations  were,  in  general,  about  the 
same  but  about  17  minutes  apart . 

At  mid-depth  at  the  Hatton , where  the  turbidity 
remained  unchanged  during  monitoring,  soluble  ortho  P concen- 
trations, which  were  0.016  mg  F/l  prior  to  disposal,  showed  an 
increase  to  0.06  mg  P/1  ten  minutes  after  Dump  No.  3A  and 
returned  to  ambient  levels  at  the  time  of  Dump  No.  3B.  This 
was  followed  bv  an  increase  to  0.60  mg  F/l  two  minutes  after 
Dump  No.  3B.  The  level  then  decreased  and  fluctuated  between 
0.011  and  0.052  mg  P/1  for  the  duration  of  the  sampling. 

In  the  mid-depth  waters  near  the  Hudson , there 
was  one  increase  in  turbidity,  four  minutes  after  Dump  No.  3B. 
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This  coincided  with  the  only  increase  in  soluble  ortho  P con- 
centration, from  less  than  0.01  to  0.013  mg  P/1  prior  to  Dump 
No.  3B  to  0.081  mg  P/1  after  it.  The  concentrations,  there- 
after, generally  remained  within  ambient  levels.  Although  the 
sampling  boats  were  up  surface  current  from  the  dumps,  and  there 
appeared  to  be  no  increased  turbidity  in  the  surface  waters , 
soluble  ortho  P concentration  increased  in  the  surface  water  at 
the  Hatton.  One  increase  occurred  at  about  the  same  time  as  an 
increase  in  mid-depth  concentration  (11:29  hrs).  Near  the 
Hudson , there  appeared  to  be  no  change  in  concentration  in  the 
surface  water  during  monitoring.  The  increase  in  the  surface 
water  concentration  may  have  been  due  to  contamination  of  the 
surface  water  samples  by  the  near  bottom  pump  discharge  during 
sampling. 

Both  samples  collected  off  the  Hatton  at  11:36:15 
were  filtered  and  analyzed.  At  this  time  the  turbid  water  was 
coming  in  pulses,  and  the  differences  in  concentr'ations  between 
these  two  samples,  0.10  and  0.171  mg  P/1,  reflect  this;  the 
latter  sample  was  very  turbid,  whereas  the  formei^  was  much 
clearer.  These  results  show  the  high  variability  in  the  sol- 
uble orthophosphate  concentration  during  this  portion  of  the 
study. 


Organic  compounds . Two  samples  were  taken  before 
New  York  Bight  Dump  No.  3 at  12  and  24  m.  Two  more  samples  were 
taken  at  the  same  depths  approximately  six  minutes  after  dis- 
posal was  completed.  The  results  of  the  organic  analyses  are 
presented  in  Table  502.  Aldrin,  lindane,  and  PCBs  were  detected 
in  all  the  samples.  In  the  12  and  24  m pre-disposal  samples, 
the  concentrations  were  1.0  and  1.2  ng/1  of  aldrin,  1.2  and  1.5 
ng/1  of  lindane,  and  4 and  10.0  ng/1  of  PCBs  respectively.  The 
24  m turbid  plume  sample  showed  an  aldrin  concentration  of  26.0 
ng/1.  The  sample  taken  at  12  m one  minute  later  contained 
2.5  ng/1  aldrin.  Lindane  was  below  the  detection  limit  in  the 
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Table  502 

Data  for  Organic  Compounds  and  Related  Parameters: 
New  York  Bight  Dump  No.  3,  Dredged  Material 


from  Bay  Ridge  Channel 


Time 

Depth 

Compound 

Pre 

-Disposal 

During  Bottom  Tur- 
bid Plume  Passage 

Post  Disposal 

11:14: 

12  m 

00  11:15:00 

24  m 

11:30:30 

24  m 

11:31:  30 

12  m 

Chlorinated  Hydrocarbons 

(ng/ 1 ) 

Aldr in 

1.0 

1 . 2 

26 . 0 

2.  5 

op 'DDT 

<3.0 

<3.0 

<3.0 

<3.0 

pp ' DDT 

<3.0 

<3.0 

<3.0 

<3.0 

op'DDD 

<2.0 

<2.0 

<2.0 

<2.0 

pp 'DDD 

<2.0 

<2.0 

<2.0 

<2.0 

op ' DDE 

<2.0 

<2.0 

<2.0 

<2.0 

pp ' DDE 

<2.0 

<2.0 

<2.0 

<2.0 

Dieldrin 

<1.  2 

<1.2 

<1.2 

<1.2 

Endosulfan  I 

<1.2 

<1.2 

<1.2 

<1.2 

Endosulfan  II 

<4.4 

<4.4 

<4.4 

<4.4 

Endrir. 

<1.6 

<1.6 

<1.6 

<1.6 

Heptachlor 

<0.4 

<0.4 

<0.4 

<0.4 

Lindane 

1 . 2 

1.5 

<0.3* 

2 . 8 

PCBs 

4 

10 

17 

12 

Other  Organic  Compounds 
( mg / 1 ) 


Oil  and 

Grease 

y 

0.5 

1 

0.5 

TOC 

5 

3 

18 

2 

Soluble 

TOC 

3 

3 

4 

2 

TIC 

23 

29 

29 

24 

Soluble 

TIC 

23 

29 

28 

24 

Turbi di tv 

( N'TU ) 

23 

17 

330 

1 

'’■'Compound 

identified 

on  both 

columns,  but 

below  detection  limit. 
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24  m sample  and  2.8  ng/1  in  the  12  m sample.  The  PCB  concen- 
trations were  17  and  12  ng/1  in  the  24  m and  12  m samples, 
respectively . 

The  oil  and  grease  values  ranged  from  0.5  to  2.0  mg/1 
in  all  these  samples.  TOC  ranged  from  2 to  18  mg/1,  with  both 
figures  observed  in  the  turbid  plume  samples.  The  soluble  TOC 
had  a much  narrower  range  of  2 mg/1  (in  the  12  m turbid  plume 
sample)  to  4 mg/1  (in  the  24  m turbid  plume  sample). 

Sandy  Hook  Channel 


The  primary  sources  of  contaminants  for  the  New  York 
Bight  are  the  municipal  and  industrial  wastewater  discharges 
from  New  York  and  New  Jersey  to  Raritan  Bay.  This  bay  is 
generally  recognized  as  being  highly  polluted  with  large  amounts 
of  untreated  or  only  partially  treated  municipal  wastewaters 
being  discharged  to  the  bay  primarily  from  New  York  City  and 
other  surrounding  communities.  While  most  of  the  industries 
discharging  wastewaters  to  the  bay  or  its  tributaries  are 
providing  some  type  of  waste  treatment,  because  of  the  heavy 
concentration  of  industry  in  the  area,  the  residual  wasteloads 
are  such  that  they  cause  the  bay  to  be  highly  contaminated 
with  various  types  of  industrial  wastes.  While  the  objective 
of  this  particular  study  was  not  to  determine  the  relative 
significance  of  contaminant  release  from  dredged  sediment  and 
from  municipal  and  industrial  wastewater  sources,  it  was  felt 
that  it  would  be  of  interest  to  take  a set  of  water  samples 
from  the  mouth  of  Raritan  Bay  in  order  to  compare  the  concen- 
tration of  contaminants  present  at  the  mouth  of  the  bay  to 
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that  which  was  found  at  the  dredged  material  disposal  site 
during  the  time  of  this  study.  A set  of  water  samples  was 
taken  in  Sandy  Hook  Channel  (see  Figure  143)  near  navigation 
Buoy  10  just  off  Sandy  Hook.  The  data  obtained  from  these 
samples  are  presented  below. 

The  turbidity  at  this  location  in  the  Sandy  Hook 
Channel  ranged  with  depth  from  3 NTU  at  the  surface  to  6 NTU 
near  bottom  (Table  503). 

Dissolved  oxygen,  temperature,  salinity,  and  pH.  The 
D.O.,  temperature,  salinity,  and  pH  profiles  were  made  near 
Buoy  10  in  the  Sandy  Hook  Channel  during  high  tide.  The  data 
are  presented  in  Table  504  and  Figure  178.  Neither  the  tem- 
perature nor  D.O.  data  showed  a distinct  thermal  stratification 
or  thermocline  like  that  noted  in  the  mud  dump  site.  The  tem- 
perature ranged  from  20°C  at  the  surface  to  17.5°C  near  the 
bottom.  The  surface  D.O.  was  6.8  mg/1.  The  salinity  increased 
from  28.2  °/oo  at  the  surface  to  29.8  °/oo  at  the  bottom.  The 
pH  was  homogeneous  throughout  the  system  at  8.5. 

Heavy  metals.  The  five  samples  collected  from  the 
Sandy  Hook  Channel  were  analyzed  for  soluble  heavy  metals. 

Table  505  shows  that  there  was  no  particular  pattern  to  the  con- 
centration variations  with  depth  except  for  iron.  Manganese 
concentrations  ranged  from  less  than  10  to  36  Mg/1-  Iron  con- 
centrations ranged  from  less  than  5 to  47  pg/1  with  the  higher 
concentrations  being  found  in  the  bottom  waters.  Zinc  and 
nickel  concentrations  ranged  from  2.0  to  3.4  pg/1  and  from  3.4 
to  5.0  Mg/1,  respectively.  Lead  and  arsenic  ranged  from  less 
than  1 to  3.9  Mg/1  and  from  6.8  to  9.2  Mg/1»  respectively. 

Chromium  and  copper  concentrations  were  below  their 
detection  limits  of  2 Mg/1  and  1 Mg/15  respectively,  in  all 
samples  analyzed.  Cadmium  was  below  the  detection  limit  of 
0.5  Mg/1  in  all  samples  except  the  one  which  contained  0.07  Mg/1- 
Mercury  concentrations  ranged  from  less  than  0.005  to  0.135 
Mg/1-  Although  at  some  depths  at  the  sampling  station  in 
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Table  503 


Turbidity  in  Sandv  Hook  Channel 
(Collected  from  the  Hatton) 


Time 

( hr : min : sec ) 

Depth 

(m) 

Turbidity 
(NTU ) 

14:04:00 

0.5 

3 

14:06:00 

3 

4 

14 : 09 : 30 

6 

4 

14 : 1 2 : 00 

9 

4 

14:14:30 

12 

6 

Water  Column 

Ta  b 1 e 5 04 

Profile:  Sandy  Hook  Channel 

September 

1,  1976 

Depth 

Temp 

D . 0 . 

Salinity 

(m) 

(°C) 

(mg/ 1 ) 

(°/oo ) 

PH 

0. 5 

20 

6 . 8 

28.2 

8 . 5 

1 9 . 5 

6.4 

28.2 

8 . 5 

4 

19 

6.0 

28.2 

8 . 5 

6 . 5 

18.5 

5 . 8 

29 . 0 

8 . 5 

9 . 5 

17.5 

5 . 0 

29.8 

8 . 5 

10 

17.5 

5.0 

29 . 8 

8 . 5 

T i me  - 14:00  hrr. . 
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Sandy  Hook  Channel  concentrations  of  mercury  and  arsenic 
appeared  to  have  been  slightly  greater  than  ambient  levels 
found  at  the  mud  dump  site,  in  general,  concentrations  of 
heavy  metals  were  about  the  same  at  both  locations. 

Nitrogen  compounds.  Table  506  presents  ammonium  and 
nitrate  data  for  the  samples  collected  near  Buoy  10  in  the 
Sandy  Hook  Channel.  The  ammonium  content  was  on  the  order  of 
0.2  mg  N/l  to  0.05  mg  N/l. 

Phosphorus  compounds.  Concentrations  in  the  water 
column  at  Buoy  10  varied  from  0.041  to  0.38  mg  P/1  without 
apprent  relationship  with  depth  (Table  507).  In  general, 
these  concentrations  appeared  somewhat  higher  than  ambient  con- 
centrations found  at  the  dump  site. 

Organic  compounds.  A set  of  samples  were  taken  at 
the  3 m depth  from  Sandy  Hook  Channel  for  organic  analyses. 

The  data  are  shown  in  Table  508.  Aldrin  and  PCBs  were  de- 
tected with  values  of  1.5  and  18  ng/1,  respectively.  Lindane 
was  below  the  detection  limit.  The  oil  and  grease  concentra- 
tion was  3 mg/1;  TOC  and  soluble  TOC  were  5 mg/1. 
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Table  506 


Ammonium  and 

Nitrate  Concentrations: 

Sandy 

Hook  Channel 

(mg  N/l ) 

Time 

Depth 

Ammonium 

Nitrate 

(hr : min : sec ) 

(m) 

14:04: 00 

0.5 

0.20 

0.05 

14:06: 00 

3 

0.25 

0.05 

14:09:30 

6.0 

0.20 

0.05 

14:12:00 

9 

0.16 

0.05 

14:14:30 

12 

0.07 

0.05 

Soluble 

Table  507 

Orthophosphate  Concentre t ions: 

Sandy 

Hook  Channel  Water’ 

Samples 

Time 

Depth 

Soluble  Ortho 

V (mg  r/i) 

hr : mi n : sec ) 

(m) 

X 

SD 

14:04: 00 

0.5 

0.1? 

0.001 

14:06:00 

3 

0 . 14 

0 

14 : 09  : 3 0 

6 

0.38 

- 

14:12:00 

9 

0.041 

_ 

14:14:30 


12 


0.074 
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Table  508 

Organic  Compounds  and  Related  Parameters: 
Sandy  Hook  Channel 
(14:06:00) 


Compound 


Chlorinated  Hydrocarbons 
(ng/1) 

Aldrin 

op 'DDT 

pp'DDT 

op ' DDD 

pp 1 DDD 

op 'DDE 

pp ' DDE 

Dieldrin 

Endosulfan  I 

Endosulfan  II 

Endrin 

Heptachlor 

Lindane 

PCBs 


3 

5 

5 

25 

25 

14 


Other  Organic  Compounds 
(mg/1) 

Oil  and  grease 
TOC 

Soluble  TOC 
TIC 

Soluble  TIC 
Turbidity  (NTU) 


1.5 

<3.0 

<3.0 

<2.0 

<2.0 

<2.0 

<2.0 

<1.2 

<1.2 

<4.4  V 

<1.6 

<0.4 

<0.3* 

18 


Depth  -3m. 

* Compound  identified  on  both  columns,  but  below  detection 
limit. 


1123 


i 


Mobile  Bay,  Alabama 

Mobile,  Alabama  is  a major  port  on  the  Gulf  of 
Mexico.  The  Tombigbee,  Tensaw,  and  Alabama  Rivers  converge 
there  to  empty  into  the  Gulf.  The  Tennessee-Tombigboe  Water- 
way, now  under  construction,  will  join  a major  section  of  the 
land-locked  Southeast  to  the  Gulf  of  Mexico  through  the  port 
of  Mobile.  The  Corps  of  Engineers  currently  maintains  the 
channel  through  Mobile  Bay  to  a depth  of  41  feet  and  a width 
of  400  feet  (see  Figure  170). 

The  University  of  Texas  at  Dallas  participated  in 
a joint  study  to  monitor  the  operations  of  a hydraulic  pipe- 
line dredge,  the  Faul  F.  Johncke , in  the  Mobile  Bay  Channel. 
Dr.  Nichols  and  a sampling  crew  from  the  Virginia  Institute 
of  Marine  Sciences  (VIMS)  conducted  density  current  studies 
of  the  operation  at  the  same  time  that  the  UTD  staff  was 
collecting  samples.  Field  procedures  and  selection  of  sedi- 
ment and  water  sampling  sites  were  coordinated  between  the 
VIMS  and  UTD  staff  so  as  to  provide  data  of  maximum  use  to 
both  studies. 

Elutriate  Tests 

Characteristics  of  Sampling  Sites 

On  June  2 and  3,  1976,  UTD  participated  in  this 
study.  The  sampling  vessel  used  was  the  Mobile  District's 
Gatlin,  a 65-foot  Corps  of  Engineers'  survey  vessel.  On 
June  2,  1976,  sediment  and  water  samples  were  collected  at 
two  sites  in  Mobile  Bay  (Figure  166  ).  Site  l was  near  Buoys 
21  and  22;  Site  2,  where  duplicate  water  samples  were  taken, 
was  at  Buoy  19.  These  samples  were  taken  approx imat elv  fifty 
feet  in  front  of  the  operating  dredge.  It  was  close  to  where 
the  dredge  was  scheduled  to  be  operating  on  the  following 
day.  The  sediments  were  taken  with  a Ponar  grab  sampler. 
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placed  and  sealed  in  five-gallon  polyethylene  buckets.  Sur- 
face water  samples  were  taken  at  the  same  sites  as  the  sedi- 
ment with  a rope  and  bucket.  Profiles  of  D.O.,  temperature, 
percent  light  transmission,  and  specific  conductance  were 
taken  at  one  meter  intervals  at  each  of  the  two  sampling 
sites.  The  Secchi  depth  at  both  stations  was  0.4  meters. 

The  sediment  and  samples  were  iced  down  and  air  freighted  to 
Dallas  that  night.  They  were  stored  at  4°C  until  elutriation. 

On  the  following  day  the  UTD  crew  collected  47 
sets  (two  liters  per  set)  of  water  samples  at  nine  stations 
around  the  discharge  of  the  Johncke ' s pipeline.  (See  Figure 
153  which  follows).  Samples  were  collected  with  a submersible 
pump  which  could  be  lowered  to  a precisely  known  depth.  Two 
2.5-gallon  cubitainers  were  collected  at  Station  2 for  pesti- 
cide analysis.  These  samples  were  shipped  back  to  UTD  imme- 
diately and  stored  at  4°C  until  analyzed.  Temperature,  D.O. , 
specific  conductance,  and  percent  light  transmission  profiles 
were  run  at  one  meter  intervals. 

The  results  of  the  dredging  of  Mobile  Bay  sedi- 
ments are  divided  into  two  sections,  elutriate  test  results 
and  field  studies.  These  are  discussed  in  this  order  in  this 
section  of  the  report. 

General  Sediment  Characteristics  and  Oxygen  Demand 

The  sediments  from  Mobile  Bay  were  analyzed  for 
Eh,  sulfide  concentration,  percent  dry  weight,  and  particle 
size  distribution.  The  sample  from  Site  1 had  an  Eh  of  -51 
mv,  while  Site  2 had  an  Eh  of  -9  mv.  The  mean  sulfide  con- 
centrations were  327  mg/kg  with  a standard  deviation  of  25 
for  Site  1;  Site  2 had  a higher  concentration,  577  mg/kg  with 
a standard  deviation  of  20.  The  percent  dry  weights  were 
found  to  be  similar,  35  percent  with  a standard  deviation  of 
1.6  for  Site  1 and  31  percent  with  a standard  deviation  of 
0.1  for  Site  2.  Differences  were  found  between  the  two  sites 
in  reference  to  their  particle  size  distribution.  Site  1 
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was  0 percent  clay,  64  percent  silt,  and  36  percent  sand;  in 
comparison,  Site  2 was  10  percent  clay,  73  percent  silt, 
and  18  percent  sand. 

The  oxygen  demand  test  was  performed  on  the  two 
sediment  samples  from  Mobile  Bay,  Alabama.  Data  are  shown  in 
Tables  A40  and  A41,  Appendix  A . The  standard  deviation 
ranges,  0 to  0.4  and  0 to  0.3  indicate  good  reproducibility 
between  runs.  The  0o  demand  for  a cubic  meter  and  a gram 
dry  weight  were  determined.  The  sediment  from  Site  2 ex- 
hibited a higher  demand  than  Site  1.  The  demand  for  Site  1 
2 -3  -1 

was  5.1  x 10  g C>2  m and  1.2  mg  0 ? g dry  weight  for  the 
first  hour,  compared  to  the  higher  values  of  Site  2,  6.3  x 
102  g C>2  m 3 and  1.6  mg  0^  g 1 dry  weight.  The  plots  of  the 
data  are  presented  in  Figures  181  and  182  . The  demand  curve 
in  both  cases  had  two  components.  Site  1 had  a fast  component 
of  -0.031  mg/1  min  \ while  Site  2 was  -0.041  mg/1  min-'1'. 

The  slow  components  were  -0.006  mg/1  min  ^ for  Site  1 and 
-0.011  mg/1  min  ^ for  Site  2.  These  slopes  indicate  the  sedi- 
ment from  Site  2 has  a higher  demand  than  Site  1. 

Elutriate  Test  General  Parameters 

On  June  8,  1976,  duplicate  5 percent  oxic,  20  per- 
cent oxic,  and  20  percent  anoxic  elutriate  tests  were  run  on 
the  Site  1 sediment  and  water.  Duplicate  20  percent  oxic 
and  duplicate  20  percent  anoxic  tests  were  run  on  the  Site  2 
sediment  and  one  of  the  Site  2 water  samples  on  June  9,  1976. 

On  the  same  day,  duplicate  5 percent  oxic  tests  were  run  on 
Site  2 sediment  using  the  second  (replicate)  site  water 
sample . 

Values  of  the  general  physical  and  chemical  para- 
meters measured  during  elutriate  tests  on  Mobile  Bay  Site  1 
samples  are  presented  in  Table  509.  During  the  settling  period 
of  the  5 percent  oxic  tests  the  D.O.  concentration  decreased 
by  1.4  mg/1  to  about  5.5  mg/1.  The  D.O.  after  mixing  of  the 
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Figure  181 

Oxygen  Demand  Test:  Mobile  Bay  Site  1 Sediment 
(Sample  Size  - 3 cc) 


Oxygen  Demand  rest:  Mobile  Bay  Site  2 Sediment 
fSamole  Size  - 3 cc) 
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20  percent  oxic  tests  was  lower  than  that  found  after  mixing 
of  the  5 percent  tests.  The  decrease  during  settling  was 
also  greater  in  the  20  percent  tests,  where  D.O.  decreased 
to  1.6  mg/1.  This  oxygen  uptake  was  approximately  twice  that 
observed  in  the  5 percent  test.  The  D.O.  in  the  anoxic  tests 
i remained  below  or  near  the  detection  limit  of  0.5  mg/1  dur- 

ing settling. 

The  pH  values  of  the  elutriates  ranged  from  7.7 
to  7.9,  only  slight  changes  from  that  of  the  site  water 
(7.7).  The  t:urbidity  increased  as  a result  of  elutriation 
to  about  the  same  degree  (to  145-250  NTU ) in  the  5 percent 
oxic  and  20  percent  anoxic  elutriates.  The  increase  found 
as  a result  of  20  percent  oxic  elutriation  was  not  as  great. 

The  specific  conductance  also  increased  upon  elutriation. 

Values  in  the  20  percent  oxic  and  anoxic  elutriates  were 
about  the  same,  ranging  from  7824  to  9968  pmhos/cm  P 25°C. 

The  5 percent  elutriate  showed  less  of  an  increase. 

Presented  in  Table  510  are  the  values  for  the 
general  physical  and  chemical  parameters  measured  during  the 
elutriate  tests  on  Mobile  Bay  Site  2 sediment.  The  D.O.  data 
indicate  that  the  5 percent  tests  with  this  sediment  had  a 
slightly  higher  oxygen  demand  and  the  20  percent  tests  a 
slightly  lower  oxygen  demand  than  the  Site  1 sediment.  The 
j pH  appeared  to  have  increased  upon  elutriation.  From  site 

water  pH  of  7.0,  values  in  the  20  percent  elutriates  increased 
to  7.8  and  8.0;  in  the  5 percent  elutriates,  the  pH’s  were 
both  7.6.  Turbidity  increased  upon  elutriation,  but  the 
values  in  these  elutriates  appeared  to  be  somewhat  lower  than 
l those  in  corresponding  Site  1 elutriates.  The  patterns  of 

change,  however,  were  the  same.  The  20  percent  oxic  elu- 
triates had  the  lowest  values  (30  and  40  NTU),  and  the  5 
j percent  oxic  and  20  percent  oxic  elutriates  had  higher  values 

(65-95  NTU).  The  specific  conductance  values  increased  as  a 
result  of  elutriation.  The  greatest  increase  (to  9670  ymhos/cm 
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(3  26°C)  was  found  in  the  20  percent  oxic  eluti'iates;  some- 
what lower  values  were  found  in  the  anoxic  elutriates.  The 
least  increase  was  seen  in  the  5 percent  elutriates.  The 
range  of  values  in  Site  2 duplicate  eluti’iates  was  smaller 
than  Site  1,  but  in  general  corresponding  elutriates  had 
similar  values. 

Heavy  Me  t.  als 

The  sediment  samples  analyzed  from  the  Mobile  Bay 
Channel  were  analyzed  for  total  content  ot  selected  heavy 
metals.  The  results  of  these  analyses  are  shown  in  Table  bll. 
Iron  and  manganese  concent  rations  were  high  in  both  sedi- 
ments. Mobile?  Site  1 contained  2530  mg/kg  manganese;  Site  2 
had  64  g/kg  iron.  Tine  and  nickel  concentrations  were  also 
high.  Tine  levels  of  318  and  358  mg/kg  were  found  in  Mobile 
Sites  1 and  , respectively.  Cadmium,  copper  and  chromium 
concentrations  in  Mobile  Site  1 were  13,  30,  and  31  mg/kg, 
respectively.  In  Mobile  Site  they  were  7,  14,  and  34  mg/kg, 
respectively.  Mercury  concentrations  were  0.06  and  0.00 
mg/kg  in  Mobile  Hite  1 and  Site  , respectively.  Lead  con- 
centrations were  below  the  detection  limit  (0.5  mg/kg). 

Table  51.'  presents  the  soluble  heavy  metals  data 
in  the  site  water  and  elutriates  from  standard  tests  run 
with  site  water  and  sediment  from  two  dredging  sites  in  the 
Mobile  Bay  Channel.  The  tests  resulted  in  release  of  mangan- 
ese and  uptake  of  iron.  Line  was  lost  from  solution  in  tests 
with  Mobile  Hite  1 sediment  and  released  in  tests  with  Site  2 
soil  iment . 

The  manganese  release  was  greatest  in  tests  with 
70  percent  sediment . Concentrations  in  the  four  70  percent 
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oxic  tests  were  5 and  9 pg/1  and  in  the  20  percent  oxic  and 
anoxic  tests  ranged  from  16  to  29  pg/1.  The  site  water  for 
the  5 percent  oxic  tests  with  the  Mobile  Site  2 sediment  con- 
tained 49  pg/1  and  the  elutriates  contained  18  and  16  ug/1 
iron.  The  site  water  used  for  the  20  percent  tests  contained 
63  ug/1.  The  20  percent  oxic  elutriates  contained  25  and  23 
Ug/1  iron.  The  20  percent  anoxic  elutriates  contained  18  ug/1* 
In  the  case  of  both  of  these  metals  the  magnitude  of  increase 
or  decrease  was  lesser  in  the  5 percent  tests  and  greater  in 
the  20  percent  tests.  There  was  no  difference  between  the 
oxic  and  anoxic  tests. 

Zinc  decreased  slightly  in  one  of  the  5 percent 
tests  with  the  Mobile  Site  1 sediment,  and  in  both  5 percent 
tests  with  the  Mobile  Site  2 sediment.  There  was  increase  in 
the  four  20  percent  tests  with  Mobile  Site  1.  The  site 
water  contained  12  u£/l  and  the  elutriates  contained  20  to 
32  ug/1  zinc.  In  the  20  percent  tests  with  Mobile  Site  2 
the  site  water  contained  17  ug/1  and  the  elutriates  contained 
11  to  38  pg/1  zinc.  There  was  loss  of  zinc  in  three  of  the 
tests  and  release  in  one. 

Concentrations  of  chromium  and  arsenic  were  below 
detection  limits  (2  \ig/l)  in  all  site  waters  and  elutriates. 
There  were  no  analytically  significant  changes  in  most  of  the 
other  metals.  Concentration  ranges  were  1.0  to  1.4  ug/1  cad- 
mium, 3.2  to  7.7  Ug/1  nickel,  3.7  to  6.7  Ug/1  lead,  and  1.8 
to  3.6  Ug/1  coppei’.  Concentrations  of  mercury  were  0,0  3 ug/1 
in  all  but  two  samples.  One  of  the  20  percent  anoxic  elu- 
triates contained  0.12  Ug/1,  indicating  release  of  mercury 
was  possible  from  Mobile  Site  1 sediment.  The  site  water 
used  in  the  5 percent  tests  with  Mobile  Site  2 contained  0.5 
Ug/1  mercury,  and  the  elutriates  contained  0.03  ug/1  mercury. 
There  were  no  other  changes.  Despite  the  large  concentrations 
of  heavy  metals  in  these  sediments,  manganese  was  the  only 
soluble  metal  readily  released  in  the  eluti^iate  tests  of  the 
sediments . 
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Nitrogen  Compounds 

The  samples,  designated  Mobile  Bay  Sites  1 and  2, 
had  organic  N contents  of  1169  and  953  mg  N/kg  and  ammonium 
contents  of  381  and  197  mg  N/kg,  respectively.  The  nitrogen 
compound  concentrations  for  the  Mobile  Bay  Site  1 elutriates 
are  listed  in  Table  513  . The  organic  N concentrations  for 
the  duplicate  oxic  elutriates  were  highly  variable.  However, 
the  organic  N concentrations  in  the  anoxic  elutriates  were 
higher  than  other  elutriates.  The  ammonium  release,  par- 
ticularly for  the  5 percent  tests,  was  relatively  high  con- 
sidering the  low  ammonium  concentration  in  the  site  water. 
Nitrate  decreased  in  all  the  elutriates  over  that  of  the  site 
water.  An  increase  in  the  sediment  percent  led  to  a decrease 
in  the  nitrate  concentration.  However,  as  expected,  the 
aeration  condition  did  not  seem  to  have  any  effect  on  the  ni- 
trate concentration  in  the  20  percent  oxic  and  anoxic  tests 
since  the  results  were  comparable. 


Table  513 

Nitrogen  Compound  Concentrations:  Mobile  Bay  Site  1 

Elutriate  Test 
(mg  N/l ) 


Sample 

Designation 

Organic  N 

Ammonium 

Nitrate 

X 

SD 

X 

SD 

X 

SD 

Site  Water 

<0.05 

'v  0 

0.05 

0 

0 .25 

0.02 

5%  Oxic 

A 

0.51 

0.02 

2.25 

0 

0.22 

0.01 

B 

0.60 

0.03 

2 . 38 

0.02 

0.24 

0.01 

20%  Oxic 

A 

0.13 

0.10 

4.76 

0.08 

0.14 

0.01 

B 

0.94 

0.21 

6.13 

0.06 

0.08 

0 

20%  Anoxic 

A 

1.14 

0.08 

4.61 

0 

0.10 

0 

B 

0.75 

0.17 

5.71 

0.03 

0.10 

0 

Mean  and  standard  deviation  calculated  from  duplicate  analyses. 
A and  B are  replicates. 
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The  nitrogen  compound  concentrations  for  the  Mobile 
Bay  Site  2 elutriate  tests  are  presented  in  Table  514  . Again 
organic  N concentrations  in  the  anoxic  elutriates  were  higher 
than  those  under  oxic  conditions.  The  ammonium  release  from 
this  sediment  was  lower  than  from  Mobile  Bay  Site  1.  For  both 
Sites  1 and  2 sediments,  ammonium  release  in  the  elutriates 
was  higher  under  oxic  conditions  than  under  anoxic  conditions 
and  also  increased  using  higher  percent  sediment  volume.  In 
all  tests,  nitrate  decreased  as  a result  of  elutriation. 

Phosphorus  Compounds 

Table  515  presents  the  total  phosphorus  concentra- 
tions in  the  Mobile  Bay  sediment  samples  on  which  elutriate 
tests  were  run.  These  two  samples  had  about  the  same  concen- 
trations, which  were  in  the  order  of  613  to  671  mg  P/kg. 

Tabulated  in  Table  516  are  the  concentrations  of  soluble 
orthophosphate  in  the  Mobile  Bay  elutriates.  There  did  not 
appear  to  be  much  change  in  concentration  as  a result  of  either 
5 percent  of  20  percent  elutriation  of  Site  1 samples.  Con- 
centrations in  these  elutriates  ranged  from  0.063  to  0.10 
mg  P/1  compared  to  0.061  mg  P/1  in  the  site  water.  There  was, 
however,  limited  release  under  anoxic  conditions  (from  0.061 
' mg  P/1  in  the  site  water  to  0.17  and  0.25  mg  P/1  in  the  dupli- 

cate elutriates). 

Soluble  orthophosphate  concentrations  in  elutriates 
from  tests  on  Mobile  Bay  Site  2 sediment  and  water  samples  are 
also  presented  in  Table  516  . This  site  water  had  a lower  con- 
centration (0.02  mg  P/1)  than  the  Site  1 water.  There  appeared 
to  be  release  of  soluble  ortho  P as  a result  of  each  elutriation. 
Concentrations  increased  from  0.02  mg  P/1  in  the  site  water  to 
0.031  mg  P/1  in  the  5 percent  oxic  elutriates  and  to  about  0.04 
mg  P/1  in  the  20  percent  oxic  elutriates.  Greatest  release 
was  found  as  a result  of  anoxic  elutriation.  Those  elutriates 
had  concentrations  of  0.086  and  0.11  mg  P/1.  Overall,  the 
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Table  514 


• 

Nitrogen  Compound  Concentrations 

: 

Mobile  Bay  Site  2 

’ Elutriate  Tests 

(mg  N/l) 

Sample 

Designation 

Organic  N 

Ammonium 

Nitrate 

X 

SD 

X 

SD 

X 

SD 

Site  Water 

<0.05 

%o 

0.08 

0.01 

0.28 

0.01 

5%  Oxic 

A 

<0.05 

'VO 

1.04 

0.01 

0.37 

0 

B 

<0.05 

'V/O 

0.98 

0.01 

0.37 

0.01 

20%  Oxic 

A 

0.44 

0.09 

3.42 

0.04 

0.27 

0 

B 

0.28 

0.10 

3.54 

0.04 

0.25 

0.01 

20%  Anoxic 

A 

0.52 

0.05 

2.60 

0 

0.20 

0.01 

B 

0.71 

0.03 

2.28 

0 

0.24 

0.01 

Mean  and  standard  deviation  calculated  from  duplicate  analyses 
of  one  sample. 

A and  B are  replicates. 


Table  515 

Total  Phosphorus  Concentrations; 
Mobile  Bay  Sediment 


Sample 


Site  1 
Site  2 


Total  F (mg  P/kg  dry  weight) 

X SD 

671  4 

613  4 


Mean  and  standard  deviation  calculated  from  duplicate  analyses 
of  one  digested  sample. 
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Table  516 

S.'luble  Ort hophosphate  Concentrat ions  : 
Mobile  Bay  Elutriate  Tests 


Sample 

Soluble  Ortho 

X 

P (mg  P/1) 

SD 

Mobile  Bay  Site  1 

Site  Water 

0 . 061 

0.001 

5%  Oxic  A 

0 .058 

0 

P 

0.10 

0 . 001 

20%  Oxic  A 

0.053 

0 

B 

0.063 

0 

20%  Anoxic  A 

0 . 17 

0 . 001 

B 

0 . 25 

0 

Mobile  Bay  Site  •'* 

Site  Water  A 

0 .02 

0.001 

20%  Oxic  A 

0.040 

0 

B 

0.043 

0 

20%  Anoxic  A 

0 .11 

0.001 

B 

0 . 086 

0.001 

Site  Water  B 

0 . 019 

0 

5%  Oxic  A 

0.031 

0 

B 

0.031 

0.001 

Mean  and  standard  deviation  calculated  from  triplicate  analyses 
of  one  sample. 

*Site  water  A and  P were  taken  at  the  same  time  but  were  put  in 
different  containers.  Site  water  A was  used  for  the  20%  oxic 
and  20%  anoxic  tests.  Site  water  B was  used  for  the  5%  oxic 
tests . 
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Mobile  elutriate  tests  showed  good  reproducibility  with  respect 
to  soluble  orthophosphate  concentrations  in  the  elutriates. 

Bioassays 

The  results  of  the  bioassay  using  Mobile  Bay,  Ala- 
bama sediments  are  presented  in  Table  517  . No  toxicity  was 
observed  in  either  the  5 percent  or  20  percent  sediment  tests. 
The  chemical  and  physical  characteristics  of  the  bioassay 
elutriate  waters  are  presented  in  Table  518  . The  data  show 
that  the  total  ammonium  nitrogen  content  for  the  20  percent 
tests  was  approximately  3.5  mg  N/l  with  0.08  mg/.'L  present  as 
unionized  ammonia.  In  addition,  there  were  initial  decreases 
in  the  D.O.  concentrations  and  increased  levels  of  turbidity. 
The  initial  decreases  in  D.O.  concentration  in  both  of  the 
20  percent  sediment  elutriates  were  severe  enough  to  warrant 
a 15  minute  aeration  of  the  elutriate  waters  following  the 
one-hour  settling  period.  The  15  minute  aeration  period 
did  not  change  significantly  the  level  of  ammonium  nitrogen 
present  in  the  bioassay  elutriate  waters. 

Table  519  shows  the  concentrations  of  D.O.  in 
the  bioassay  elutriate  waters  utilizing  Mobile  Bay,  Alabama 
sediments.  Minimal  aeration  was  used  to  maintain  a D.O. 
concentration  of  greater  than  2 mg/1.  Examination  of  Table 
520  shows  release  of  manganese  and  iron  to  the  bioassay  elu- 
triate waters.  Both  nickel  and  copper  were  removed  from  the 
waters  while  no  significant  change  from  the  control  waters 
occurred  for  cadmium,  chromium,  zinc  and  lead. 

Total  ammonium  nitrogen  concentrations  in  the  bio- 
assay elutriate  waters  at  the  end  of  the  96-hour  test  period 
are  presented  in  Table  521.  A comparison  of  Tables  518 
and  521  shows  a slight  decrease  in  concentration  for'  the 
controls  and  a slight  increase  in  both  the  5 and  20  percent 
sediment  tests. 
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Table  517 
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Table  521 


Ammonium  Content  of 

Bioassay  Elutriate 

Water 

At 

the  End  of  the 

96-hour  Bioassay: 

Mobile 

Bay,  Alabama 

Site  2 Sediment 
@ 2 1°C 

Sample 

PH 

Total  Ammonium 

( mg  N / 1 ) 

Unionized  Ammonia 

(mg  N / 1 ) 

Control 

A 

8.0 

0.14 

0.01 

B 

8 . 0 

0.15 

0.01 

5% 

A 

7.9 

1.19 

0.03 

B 

8 . 0 

1.30 

0.03 

20% 

A 

7 . 9 

3.72 

0.08 

B 

7 . 9 

3.74 

0.08 

A and  B are  replicates. 


Field  Studies 


Characteristics  of  Study  Site 

Much  of  the  eastern  gulf  coast  of  the  United  States 
is  paralleled  by  a set  of  barrier  islands  located  a few  miles 
off  the  coast.  Generally  between  the  barrier  islands  and 
the  coast  are  shallow  bays  and,  in  many  areas,  salt  marshes. 
Many  of  the  metropolitan  centers  are  generally  located  some- 
what inland  on  the  coastal  rivers.  In  many  areas,  located  be- 
tween the  barrier  islands  and  the  coast  is  the  intercoastal 
waterway.  For  many  parts  of  the  coast,  this  waterway  con- 
sists of  a dredged  channel.  Also,  at  many  parts  of  the  coast, 
dredged  channels  are  present  between  the  open  ocean  and  the 
coastal  metropolitan  centers.  The  shallow  nature  and  physical 
characteristics  of  the  sediments  of  the  coastal  bays  and 
nearshore  open  ocean  waters  through  which  these  channels  are 
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dredged  necessitates  frequent  dredging.  In  many  instances, 
this  dredging  is  done  hydraulically  with  pipeline  discharge 
of  the  dredged  sediments  a few  hundred  yards  from  the  side  of 
the  channel.  In  order  to  evaluate  the  reliability  of  the  elu- 
triate test  as  a method  for  estimating  the  release  of  con- 
taminants for  open  water  disposal  of  dredged  sediments  arising 
from  hydraulic  dredging  and  pipeline  disposal  of  sediments 
found  along  the  gulf  coast,  field  studies  were  conducted  near 
Mobile  Bay,  Alabama,  and  Apalachicola,  Florida.  This  section 
of  the  report  presents  the  results  of  the  Mobile  Bay  studies. 
The  next  section  presents  the  results  of  the  Apalachicola 
studies . 

Dissolved  Oxygen,  Temperature,  and  Salinity 

A pipeline  dredging  operation  was  monitored  on 
June  3,  1976,  at  Mobile  Bay,  Alabama.  The  D.O.  content  of 
the  water  column  was  measured.  Sampling  stations  1 through  8 
were  arranged  along  three  transects.  One  of  these  was  along 
the  center  line  of  the  dredged  sediment  discharge  plume. 

This  was  determined  by  a drogue  which  was  released  at  the 
point  of  discharge  which  was  designed  to  move  with  the  cur- 
rents of  about  0.5  to  1 m depth.  The  other  two  followed  a 
path  approximately  4 5°  either  side  of  the  centei'1  line  of  the 
discharge  plume  (Figure  183).  Station  9 was  a "reference" 
station  located  upcurrent  from  the  discharge  point. 

The  D.O.,  temperature,  and  salinity  profiles  of  the 
water  column  15  meters  in  front  of  the  dredge  were  taken  on 
June  2,  1976.  These  data  are  presented  in  Figures  184  and  185. 
In  Figure  184  there  is  noted  a gradual  decrease  in  D.O.  with 
depth,  7.9  mg/1  at  the  surface  and  3.7  mg/1  one  meter  off 
the  bottom.  Temperatures  ranged  from  24.5°C  at  the  surface 
to  22.9°C  at  the  bottom.  Salinity  profiles  for  the  same 
water  showed  2 °/oo  at  the  surface,  with  slightly  greater 
than  22  °/oo  at  the  bottom.  The  data  presented  in  Figure  184 
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Figure  x&3 

UTD  Sampling  Stations:  Mobile  Bay,  Alabama 
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Figure  184 

Temperature,  Dissolved  Oxygen,  Salinity  Profiles: 
Mobile  Bay,  Alabama  15  m in  front  of  dredge 
June  2 , 1976 


Temperature  (°C) 


J 1 1 I 1 I I till i 

4 8 12  16  20  24  28  32  36  40 

Salinity  ( °/oo ) 


Figure  185 

Temperature,  Salinity,  Dissolved  Oxygen  Profiles: 
Mobile  Bay,  Alabama  near  Buoys  21-22 
June  3 , 1976 
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show  that  on  June  2,  1976,  the  channel  had  a relatively  fresh 
water  layer  of  approximately  2 to  6 m thickness  overlying 
more  saline  water.  The  less  saline  water  is  approximately 
2°C  warmer  than  the  waters  at  the  bottom  of  the  channel.  A 
similar  profile  was  taken  at  Buoys  21  and  22.  The  results, 
presented  in  Figure  185,  show  a comparable  range  of  readings, 
with  8.1  mg/1  at  the  surface  and  3.6  mg/1  near  the  bottom. 
Essentially  the  same  vertical  distributions  of  temperature 
and  salinity  were  found  on  June  3 as  on  the  previous  day. 

The  monitoring  of  the  dredge  disposal  area  during 
disposal  began  on  June  3,  1976.  The  D.O.  of  the  water  column 
at  the  depth  of  3 and  4 meters  was  monitored  over  a period 
of  25  minutes;  the  data  are  presented  in  Figure  186.  The 
extreme  variability  of  the  system  40  meters  from  the  dis- 
charge was  evident  in  this  graph.  The  D.O.  at  4 meters  ranged 
from  0.5  mg/1  to  6.0  mg/1,  while  at  3 meters  the  D.O.  ranged 
from  3.2  mg/1  to  6.2  mg/1.  Because  of  this  variability,  it 
was  decided  to  do  a study  of  D.O.  variability  in  the  dis- 
charge plume.  These  studies  were  conducted  at  Stations  2 
and  3 . 

At  Station  2,  the  water  column's  D.O.  content  was 
monitored  for  approximately  60  minutes  at  five  different 
depths:  0.5,  1.0,  2.0,  3.0,  and  3.5  meters.  The  data  are 

plotted  in  Figure  187.  The  upper  two  meters  of  the  water 
column  exhibited  little  fluctuation  over  the  sampling  period. 
The  upper  meter  of  water  appeared  to  be  little  affected  by 
the  disposal  operation.  The  D.O.  content  of  these  waters  is 
near  the  saturation  value  for  this  temperature  and  salinity. 

At  the  2 m depth  during  the  early  part  of  the  measuring 
period,  the  D.O.  content  of  the  water  was  depressed  about 
1 mg/1.  At  3.0  meters  fluctuations  of  the  D.O.  levels  were 
observed,  ranging  from  1.2  mg/1  to  6.6  mg/1.  The  water  near 
the  bottom  exhibited  D.O.  depletion  throughout  the  sampling 
period.  During  this  period  of  time  the  surface  salinity 


1152 


3 Meters 

4 Meters  Deep 


x + 


L 

> CD 


J 1 1 1 1 i IS 

<0  cn  V IO  ftl  — OcD 

( l/6ui)  ua6>Cxo  paAiossiQ 


1153 


■■v 


Dissolve 


ranged  from  1.5  to  2 '"/oo.  At  a depth  of  3.5  m,  just  above 
the  bottom,  the  salinity  during  the  one-hour  study  period 
ranged  from  3.5  to  4.8  °/oo.  The  temperature  values  for  all 
measurements  ranged  from  24.2  to  25.1°C.  The  data  indicate 
the  formation  of  a density  current  of  high  oxygen  demanding 
materials.  The  fluctuations  in  the  D.O.  levels  at  3.0  meters 
were  most  likely  caused  by  fluctuations  in  the  thickness  of 
the  density  current. 

The  same  sampling  technique  was  used  at  Station  3 
for  appi'oximately  55  minutes  (Figure  188).  The  water  of  the 
upper  2 meters  was  little  affected  by  the  disposal  operations 
At  3 m depth  the  D.O.  was  depressed  to  2 to  3 mg/1  during 
the  study  period.  The  bottom  waters,  3.5  meters,  showed 
fluctuations  from  0.6  mg/1  to  5.6  mg/1.  At  this  station  the 
density  current  appeared  to  be  diluted  slightly  based  on  the 
fact  that  the  salinities  were,  in  general,  3.5  °/oo  compared 
to  those  at  Station  2,  which  were  generally  above  4 °/oo. 

The  variable  D.O.  found  near  the  bottom  is  likely 
due  to  two  causes.  It  is  primarily  due  to  the  nature  of  the 
dredging  operation  in  which  the  oxygen  demand  of  the  dredged 
sediment  slurry  is  highly  variable  as  a result  of  the  varia- 
bility of  the  amount  of  sediment  in  the  slurry.  The  opera- 
tion of  the  dredge  involves  sucking  a sediment-water  mixture 
from  the  bottom  of  the  channel.  While  the  dredging  operators 
like  to  achieve  a 20  percent  sediment  in  this  slurry,  since 
this  is  optimum  pumping  efficiency,  this  is  rarely  achieved 
for  any  extended  period  of  time.  The  suction  head  on  the 
dredge  swings  through  an  arc  back  and  forth  in  front  of  the 

dredge  as  it  slowly  walks  forward.  This  results  in  a highly  j 

variable  percent  sediment  in  the  dredge  discharge  pipe,  ranging 

from  essentially  clear  water  to  sediment  percentages  similar 

to  that  originally  present  in  the  undredged  sediment.  In 

addition  to  a variable  oxygen  demand  in  the  slurry,  the  varia- 

ble  percent  sediment  in  the  slurry  leads  to  an  unstable 
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density  current  which  would  tend  to  pi',omote  mixing  between 
the  oxygen  deficient  waters  and  the  density  current  and  the 
overlying  waters. 

Water  column  D.O.  profiles  were  taken  at  each 
station.  The  plots  of  the  data  obtained  are  presented  in 
Figure  189  . The  data  from  Stations  1 through  4 indicate  the 
extent  of  the  D.O.  depletion  as  a function  of  depth  as  one 
moves  away  from  the  discharge  point.  As  seen  in  Figures  186, 
187  and  1S8  , as  one  moves  away  from  the  discharge  point, 
the  height  of  the  water  mass  affected  decreases.  The  changes 
in  D.O.  at  Stations  1 through  4 (Figure  189)  indicate  that  the 
density  current  was  from  1 to  1.5  meters  thick  at  the  time 
of  sampling.  The  profile  data  from  Stations  5,  7,  8 and  9 
(Figure  189  ) indicate  similar  profiles.  The  profiles  are 
somewhat  different  from  Stations  1 through  4 in  that  the  D.O. 
never  falls  below  4.5  mg/1.  These  stations  are  less  affected 
by  the  dredged  material  disposal  oepration  discharge.  The 
Station  6 profile  (Figure  189  ),  however,  resembled  those 
taken  at  Stations  1,  2 and  3.  It  can  be  concluded  that  this 
area  was  affected  by  the  disposal  operations.  This  indicates 
that  part  of  the  discharge  plume  was  moving  in  a more  nor- 
therly direction. 

The  turbidity  of  the  water  in  the  disposal  site 
was  monitored  using  a transmissometer  with  a 10  cm  light  path. 
The  water  in  the  area  was  quite  turbid  at  all  times.  Station 
9,  the  reference  station,  had  a maximum  transmissivity  of 
27.3  percent.  The  changes  in  transmissivity  over  a period 
of  time  were  monitored  at  Stations  2 and  3 (Figures  190  and 
191).  The  data  from  Station  2 showed  little  noticeable  dif- 
ference between  1.0  and  2.5  meter  depths.  All  of  the  values 
for  all  depths  fell  within  the  range  of  the  readings  from 
2.5  meters,  10.2  percent  to  15.9  percent.  The  same  thing  was 
true  at  Station  3 for  the  readings  at  3.5  meters  depth;  they 
ranged  from  4.3  percent  to  16.9  percent. 
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Water  column  profiles  were  taken  at  all  the  sta- 
tions using  the  transmissometer  (Figure  192).  Due  to  the  al- 
ready high  turbidity  of  the  water,  there  are  only  a few  pro- 
files that  correlate  well  with  the  D.O.  profiles  in  Figure 
188.  Station  4 is  one  of  these.  The  sharp  decrease  in  per- 
cent transmission  occurred  at  the  same  depth  where  a sharp 
decrease  in  D.O.  was  observed.  At  Station  1 the  high  tur- 
bidity was  seen  at  the  surface;  Station  2,  surface  and  bottom; 
Station  3,  a uniform  profile;  and  Station  4,  only  at  the 
bottom.  These  profiles  point  to  a movement  and  concentration 
of  particles  at  the  bottom  of  the  water  column  with  increasing 
distance  from  the  discharge  point,  or  a formation  of  density 
current.  The  remaining  stations  showed  relatively  uniform 
plots  with  a slight  decrease  near  the  bottom.  These  were 
what  one  would  expect  and  were  similar  to  the  reference  Sta- 
tion 9. 

Heavy  Metals 

The  concentrations  for  selected  soluble  heavy 
metals  collected  from  Mobile  Bay  are  shown  in  Table  522  . At 
Stations  1,  2,  and  3 (see  Figure  183  for  station  locations) 
where  the  density  current  from  the  discharge  was  most  evident, 
elevated  concentrations  of  iron,  and  occasionally  of  arsenic 
and  cadmium  were  detected.  Zinc  concentrations  were  lower 
in  the  samples  taken  at  these  stations  than  at  other  stations 
that  were  affected  to  a lesser  extent  by  the  dredged  material 
discharge.  There  were  no  changes  in  concentrations  of  man- 
ganese, chromium,  lead,  or  copper  as  a result  of  the  disposal. 

Soluble  iron  concentrations  at  Stations  5 through 
9 ranged  from  68  to  265  pg/1.  There  was  no  particular  pattern 
discernible  with  variation  in  depth.  At  Station  1,  directly 
in  front  of  the  pipeline  discharge,  the  concentrations  of 
iron  ranged  from  184  to  709  pg/1.  Higher  concentrations  were 
found  in  the  samples  taken  at  3.5  and  4 meters  where  the 
density  current  was  thickest.  Concentrations  were  high  above 
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Depth  (m)  Depth  (m) 


Mobile  Bay,  Alabama  15  m in  tronc  or  ureuyc 
June  2,  1976 


1 


1 


Station  2 


Station  2 


Water  Column  Profiles  Transmi ssometer  Data: 
Mobile  Bay,  Alabama  - June  3,  1976 


k ' 


Mobile  Bay  Samples 
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ble  122  (Continued) 
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Table  522  (Continued) 


(Continued) 
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this  depth  because  the  water  was  still  mixed  and  turbid  from 
the  discharge.  Stations  2 and  3 had  concentrations  from  0.5 
to  3.0  meters  ranging  from  129  to  379  yg/1  iron.  In  the  bot- 
tom meter  of  the  water  column,  where  the  density  current 
existed,  iron  concentrations  ranged  from  423  to  650  yg/1. 
Station  4 was  in  the  same  line  as  Stations  1 through  3,  but 
the  density  current  had  dissipated  somewhat  by  the  time  that 
it  reached  this  distance.  The  concentrations  at  1.5  and 
3.5  meters  were  297  and  172  yg/1  iron,  respectively,  but  at 
4.0  meters,  it  was  still  exevated,  323  yg/1. 

Arsenic  concentrations  at  Station  3 through  9 
ranged  from  below  the  detection  limit  (2  yg/1)  to  7.5  yg/1. 
There  were  a few  samples  taken  at  Stations  1 and  2 which  ex- 
ceeded this  range.  Two  samples  taken  at  3.5  and  4.0  meters 
at  Station  1 contained  10.0  and  9.4  yg/1  arsenic,  respectively. 
Two  samples,  both  taken  at  3.5  meters  at  Station  2,  contained 
11.3  and  9.4  yg/1  arsenic.  All  other  samples  taken  at  these 
two  stations  had  arsenic  concentrations  in  the  range  of  less 
than  2 to  7.5  yg/1. 

Cadmium  concentrations  at  Station  4 through  6 ranged 
from  1.1  to  1.6  yg/1.  At  Stations  1 through  3 the  range  was 
1.4  to  2.7  yg/1,  with  the  higher  concentrations  being  found 
at  Station  1 (2.0  to  2.7  yg/1).  Cadmium  levels  at  Stations 
7,  8,  and  9 were  slightly  higher  than  background  and  ranged 
from  1.6  to  2.4  yg/1.  The  elevated  Station  9 levels  are  due 
to  the  close  proximity  of  the  dredging  operation. 

The  lowest  zinc  concentrations  (8.6  to  14.9  yg/1) 
were  found  in  the  highly  turbid  samples  from  Stations  1,  2 
and  3,  indicating  sorption.  Concentrations  in  other  samples 
at  these  stations  ranged  from  16.5  to  28.7  yg/1.  Concentra- 
tions at  Stations  4,  5 and  6 also  fell  in  this  range.  Slightly 
higher  concentrations,  ranging  from  19.3  to  40.5  yg/1,  were 
seen  at  Stations  7,  8 and  9. 

Mercury  concentrations  varied  widely.  At  Stations 

1171 


4 


1 through  3 the  range  was  from  less  than  0.005  yg/1  (detection 
limit)  to  0.150  yg/1.  At  Stations  4,  5,  and  6 all  samples  but 
one  contained  0.05  ug/1  mercury.  At  Stations  7,  8 and  9,  the 
range  was  wide,  0.05  to  0,141  ug/1  mercury.  The  variation 
in  mercury  concentrations  at  the  first  three  stations  was 
likely  due  to  the  influence  of  the  density  current. 

There  were  no  patterns  of  change  in  concentrations 
of  manganese,  lead,  or  copper.  The  ranges  of  these  metals 
were  53  to  190  ug/1  manganese,  4.8  to  7.9  ug/1  lead,  and  1.7 
to  5.4  ug/1  copper.  Chromium  concentrations  in  all  samples 
were  below  the  detection  limit  of  2 ug/1- 

Nitrogen  Compounds 

The  ammonium  and  nitrate  data  for  the  water  samples 
collected  are  presented  in  Table  523  . Water  samples  from 
Station  1,  which  is  50  meters  away  from  the  end  of  the  pipe, 
showed  a pattern  of  increasing  ammonium  concentration  with 
depth  which  was  correlated  with  increases  in  turbidity.  The 
difference  in  ammonium  concentrations  in  the  two  samples  col- 
lected at  3 meters  depth  appeared  to  have  occurred  as  a re- 
sult of  variation  in  the  density  current  which  is  evident 
from  the  turbidity  and  other  data.  Water  samples  collected 
from  Station  2 , at  a distance  of  250  meters  from  the  pipe, 
also  showed  the  same  pattern  of  increasing  ammonium  concen- 
trations with  depth.  The  density  current  was  much  thinner 
at  this  station  and  the  ammonium  concentrations  higher  at 
the  bottom  than  those  at  Station  1.  Samples  collected  one 
and  a half  hours  later  from  this  station  showed  much  higher 
ammonium  concentrations  at  surface  and  bottom  than  the 
earlier  samples,  but  the  concentrations  decreased  in  mid- 
depth water. 

At  a distance  of  400  meters  from  the  discharge 
pipe  at  Station  3 the  ammonium  concentrations  in  the  bottom 
water  were  slightly  less  than  those  observed  at  Station  2. 

At  Station  4 , at  a distance  of  800  meters  from  the  pipe. 
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Table  523 

Ammonium  and  Nitrate  Data:  Mobile  Bay,  Alabama 
(Water  Samples) 


Sampling 

Location 


Station  1 


Station  2 


June  3,  1976 
(mg  N/l) 

Time Depth  Ammonium  Nitrate 

(hr:min:sec)  (m)  X SD  X SD 


09: 

: 00  : 

: 0 0 

0. 

, 5 

<0, 

.05 

9/0 

<0. 

. 04 

9/0 

09 

01 

00 

3. 

, 0 

0, 

.58 

0 

0 , 

. 04 

0 

09 

02 

00 

3 . 

, 5 

5. 

,11 

0 .08 

<0  , 

, 04 

9/0 

09 

03 

00 

4 , 

, 0 

6. 

.14 

0.11 

0. 

. 16 

0 

.01 

09 

05 

00 

2 . 

.0 

0. 

. 10 

0.01 

0 . 

,17 

0 

09 

14 

00 

3. 

, 0 

3, 

.04 

0 .04 

<0, 

, 04 

9,0 

09 

15 

00 

4. 

. 0 

6 , 

.10 

0 

0 . 

, 04 

0 

09  : 

: 40  : 

: 00 

0 . 

, 5 

<0, 

.05 

9/0 

0 , 

, 16 

0 

.01 

09 

41 

00 

1, 

, 5 

<0  , 

.05 

9/0 

0 , 

.05 

0 

.01 

09 

4 2 

00 

2 , 

, 5 

0 . 

. 32 

0 .01 

0 , 

, 06 

0 

. 01 

09 

4 3 

00 

3 . 

, 5 

6 , 

.58 

0.06 

<0, 

.04 

9.0 

09 

44 

00 

3. 

. 0 

0, 

,42 

0 

0, 

. 06 

0 

10 

20 

00 

0 . 

. 5 

<0  , 

.05 

9/0 

0 , 

.08 

0 

.01 

10 

21 

00 

1. 

, 5 

<0. 

.05 

9/0 

0 , 

.06 

0 

10 

23 

00 

9 

L.  i 

. 5 

0 . 

.06 

0.01 

0 , 

.10 

0 

.01 

10 

2 5 

00 

3 , 

. 5 

6, 

.93 

0 

< 0 , 

. 04 

9,0 

10 

26 

00 

3, 

, 0 

0 , 

.18 

0 . 01 

0 , 

.16 

0 

.01 

12 

01 

00 

0 . 

, 5 

0 , 

.12 

0.01 

0 , 

, 18 

0 

. 01 

12 

02 

30 

1. 

. 5 

<0  , 

,05 

9/0 

0 , 

. 16 

0 

.01 

12 

05 

00 

9 

L t 

. 5 

<0  , 

.05 

9.0 

0 , 

. 10 

0 

.01 

12 

06 

00 

3 , 

. 5 

8 , 

.28 

0 .08 

- 

(Continued) 
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Table  52 3 (Concluded  ) 


Sampling 

Location 

Time 

Depth 

Ammonium 

Nitrate 

(hr: min: sec) 

(m) 

X 

SD 

X 

SD 

Station 

3 

10:52:00 

3.0 

1.60 

0.03 

0.04 

0.01 

10:55:30 

2.0 

0 .06 

0 

0 .06 

0 

10:58:30 

0.5 

0.09 

0 

0.08 

0.03 

11:01: 00 

1.0 

<0 .05 

\»0 

- 

- 

12:19:30 

3.5 

5.70 

0.01 

0.07 

0 

12:23:00 

3.0 

0.29 

- 

0.23 

0.01 

12:25:00 

2.0 

<0 .05 

'vO 

0.22 

0.01 

12:26:30 

1.0 

<0.05 

m0 

0.12 

0.01 

Stat ion 

4 

12 : 41:00 

4.0 

1.62 

0 

0.12 

0.01 

12:44:00 

1.5 

<0.05 

'vO 

- 

- 

12:46:00 

3.5 

0.86 

0 .02 

0.21 

0 

Station 

5 

13:01:00 

1.0 

<0.05 

-vO 

0.16 

0 

13:02:30 

3 . 0 

0.49 

0.01 

- 

- 

13:04:  00 

3.5 

0.68 

0.01 

- 

- 

Station 

6 

13:14:30 

3.5 

1.59 

0.03 

0.10 

0 

13 : 15  : 30 

3 . 0 

0.59 

0.07 

0.14 

0.01 

13:17:00 

1.0 

0 .07 

0.01 

0.23 

0.01 

Station 

7 

13 : 24: 30 

1.0 

0.07 

0 

- 

- 

13 : 25  : 30 

3.0 

0.08 

0.01 

0.28 

0.01 

13:26:30 

3 . 5 

0.18 

0 . 01 

0.13 

0.01 

Station 

8 

13:36: 30 

1.0 

0.30 

0.01 

0.20 

0.01 

13:37 : 30 

3.0 

0.12 

0 . 01 

0.16 

0 

13:39:30 

3 . 5 

0.13 

0.01 

0.14 

0.01 

Station 

9 

13:51:  00 

1.0 

0.05 

0 

0.22 

0.01 

13:52:00 

3.0 

0.73 

0.04 

0.20 

0 

13:53:00 

3.5 

0.14 

0 

0.14 

0.01 

Mean  and  standard  deviation  calculated  from  duplicate  analyses. 
Dash  (-)  means  data  not  available. 
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ammonium  concentrations,  which  increased  with  depth,  wort- 
much  lower  in  comparison  to  those  observed  at  Stations  1, 

2,  and  3.  This  is  expected  because  of  dilution  and  also 
some  of  the  material  might  have  settled  to  the  bottom  and 
moved  very  slowly-  At  Stations  5 and  6,  at  an  angle  of  45° 
towai-d  north  from  the  discharge  line  and  at  400  to  800  meters, 
respectively,  concentrations  decreased  from  those  observed 
in  the  samples  from  the  actual  discharge  line.  Also,  as  the 
distance  from  the  end  ot  the  discharge  pipe  increased,  am- 
monium concentrations  decreased  at  all  depths.  At  Stations 
7 and  8,  which  are  at  45'  angles  from  the  discharge  line 
toward  south,  concentrations  were  much  lower  than  those 
observed  at  other  sampling  locations.  At  Station  8,  ammonium 
concentrations  and  turbidity  were  much  higher  in  the  surface 
water  than  in  the  bottom  waters.  At  Station  9,  which  is  y 

back  along  the  discharge  pipe  toward  the  dredge,  ammonium 
increased  at  3 meters  over  the  1 meter  value  but  at  3.5 
meters,  it  was  much  lower  than  the  3 meter  value. 

No  discernible  pattern  of  nitrate  concentrations 

could  be  observed  with  respect  to  depth  at  Stations  1,  2,  3, 

and  4.  At  other  stations,  nitrate  concentrations  decreased 

with  depth.  No  clear  pattern  of  nitrate  concentrations  with 

distance  could  be  observed,  though  Stations  1 and  2 had  lower 

concentrations  than  other  stations.  At  distances  of  400 

and  800  meters  from  the  discharge  point,  nitrate  concentra- 

o 

tions  were  higher  at  both  surface  and  bottom  waters  at  45  angles 
toward  south  from  the  discharge  line  as  compared  to  those 
at  45°  angles  toward  north. 

Organic  N data  for  some  selected  water  samples  are 
presented  in  Table  524,  A high  organic  N concentration  was 
found  in  the  bottom  water  at  Station  3.  Measurable  concen- 
trations were  observed  in  the  bottom  waters  at  Stations  .1 
and  2.  Tor  all  other  samples  analyzed,  organic  N concentra- 
tions were  below  the  detection  limit. 
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Table  524 


Organic  N Data  for  Selected  Water 

Samples 

Collected  from 

(mg  N/l ) 

Mobile  Bay 

- 

Sampling 

Time 

Depth 

Organic  N 

Location 

(hr:min: sec) 

(m) 

Station  1 

09  : 01:00 

3.0 

0.15 

09:05:00 

2.0 

<0 .05 

Station  2 

09:41:00 

1.5 

<0.05 

09:43: 00 

3.5 

1.53 

Station  3 

12:19:30 

3.5 

5.40 

12:25:00 

2 . 0 

<0.05 

Station  5 

13:01:00 

1.0 

<0.05 

13 : 04  : 00 

3 . 5 

<0.05 

Station  8 

13:36:30 

1.0 

<0.05 

13 : 39 : 30 

3.5 

<0.05 

Phosphorus  Compounds 

Table  525  presents  the  soluble  orthophosphate  and 
total  phosphorus  concentrations  in  samples  collected  during 
dredged  material  disposal  in  Mobile  Bay.  During  the  first 
profile  sampling  at  Station  1,  soluble  orthophosphate  concen- 
trations were  at  or  below  0.016  mg  P/1  down  to  about  3.5  m. 
There  the  concentration  was  0.31  mg  P/1.  The  concentration 
was  lower  (0.037  mg  P/1)  at  the  4 m depth.  When  the  3 and  4 
meter  depths  were  subsequently  resampled,  concentrations  were 
0.10  and  0.35  mg  P/1,  respectively.  These  values  correspond 
to  high  turbidity  values  (reported  elsewhere)  and  indicate  the 
presence  of  a density  current  of  dredged  material  flowing  in  a 
thin  layer  between  3 and  4 meters'  depth.  This  density  current 
was  also  seen  at  Station  2,  approximately  84  m downcurrent 
from  the  discharge.  During  the  first  two  profile  samplings, 
concentrations  down  to  3 m were  0.018  mg  P/1  or  less  where 
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Table  525 

Soluble  Ortho  P and  Total  P Concentrations  ; 
Mobile  Bay  Disposal  Operation  June  3,  1976 


Time 

Depth 

Soluble 

(mg 

Ortho  P 
P/1) 

Total  P 
(mg  P/1) 

(hr :min : sec ) 

(m) 

X 

SD 

X SD 

Station  1 

9:00:00 

0.5 

<0.01 

0 

- 

9:01  : 00 

3 

0.014 

0 

- 

9:02:00 

3.  5 

0.31 

0 

- 

9:03:00 

4 

0.037 

0 

- 

9:05:00 

2 

0.016 

0 

- 

9:14:  00 

3 

0.10 

0.001 

- 

9:15:00 

4 

0.35 

0.002 

- 

Station  2 

9:40:00 

0.5 

0.011 

0 

- 

9:41:00 

1 . 5 

<0.01 

0.001 

0.13  0.004 

9:42:00 

2.5 

0.01 

0.001 

- 

9:43:00 

3.5 

0.22 

0.006 

- 

9:44:00 

3 

0.018 

0 . 001 

- 

10:20:00 

0.5 

0.013 

0 

- 

10:21:00 

1.5 

0.010 

0 

- 

10:23:00 

2 . 5 

0.010 

0.001 

- 

10:25:00 

3 . 5 

0 . 12 

0.001 

- 

10 : 26 : 00 

3 

0.018 

0 

- 

12:01: 00 

0 . 5 

0 . 040 

0 

- 

12:02:30 

1.5 

0 .027 

0 

- 

12:05:00 

2 . 5 

0.020 

0 

- 

12:06:  00 

3.5 

0.44 

0 

_ 

( Continued ) 
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Table  52 5 C Continued) 


Time 

Depth 

Soluble 

(mg 

Ortho  P 
P/1) 

Total  P 
(mg  P/1) 

(hr:min : sec ) 

(m) 

X 

SD 

T 

SD 

Station  3 

10:52:00 

3 

0 . 027 

0 

- 

10:55:  30 

2 

0.019 

0 

- 

10  : 58: 30 

0.5 

0.018 

0.001 

- 

11:01:00 

1 

0.054 

0.001 

- 

12 : 19 : 30 

3.5 

0.070 

0.001 

- 

12:23:00 

3 

0.027 

0 

- 

12:25:00 

2 

0.022 

0 

0.14 

0.06 

12:26:30 

1 

0.041 

0 

- 

Station  4 

12:41:00 

4 

0.024 

0 

- 

12:44:00 

1.5 

0.023 

0 

- 

12:46:00 

3 . 5 

0 .017 

0 

- 

Station  5 

13:01:00 

1 

0.065 

0 

0 . 10 

0.03 

13 : 02 : 30 

3 

0.023 

0 

- 

13 : 04  : 00 

3 . 5 

0.026 

0 

0 .20 

0.016 

Station  6 

13:14:  30 

3.5 

0.058 

0 

- 

13:15:30 

3 

0.040 

0.001 

- 

13:17:00 

1 

0 .0  54 

0 

- 

Station  7 

13:24: 30 

1 

0.044 

0.001 

- 

13:25:30 

3 

0.043 

0 

- 

13 : 26 : 30 

3.5 

0.016 

0.001 

- 

( Cont inued ) 


Table  525 (Concluded) 


Time  Depth 

(hr:min:sec)  (m) 


Soluble  Ortho  P Total  P 

(mg  P/1) ^(mg  P/1) 

2 SD  X SD 


Station  8 

13:36:30 

1 

0 . 033 

0 

0.17 

0 .06 

13 : 37 : 30 

3 

0 . 023 

0 

- 

13 : 39 : 30 

3 . 5 

0 .026 

0.001 

0 .092 

0.016 

Station  9 

13 : 51 : 00 

1 

0.031 

0 

- 

13:52:00 

3 

0.030 

0 

- 

13:53:00 

3 . 5 

0.013 

0 

_ 

Mean  and  standard  deviation  calculated  from  duplicate  analyses 
of  one  sample. 

Dash  (-)  indicates  no  analysis  made. 

turbidity  values  were  about  3000  NTU.  At  3.5  m they  were  0.22 
and  0.12  mg  P/1.  During  the  third  profile  sampling  at  Station 
2,  concentrations  at  all  depths  were  higher,  but  the  concen- 
tration at  the  3.5  m depth  (0.44  mg  P/1)  was  substantially 
greater  than  in  the  upper  waters,  and  also  corresponded  to  a 
higher  level  of  turbidity. 

At  Station  3,  nearly  400  m downcurrent  from  the  dis- 
charge, there  was  less  evidence  of  a density  current  with  re- 
spect to  soluble  orthophosphate  levels.  Concentrations 
ranged  from  0.018  to  0.054  mg  P/1  in  the  first  three  meters. 

At  3.5  m,  the  concentration  was  0.070  mg  P/1.  At  Station  4, 
about  800  m downcurrent  from  the  discharge,  soluble  ortho  P 
concentrations  (and  turbidity)  appeared  fairly  uniform  with 
depth,  ranging  from  0.017  to  0.024  mg  P/1.  The  total  phos- 
phorus concentrations  at  1.5  and  2 m at  Stations  2 and  3, 
respectively,  were  both  about  0.13  mg  P/1. 
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Soluble  orthophosphate  concentrations  at  Stations 
5 and  8 (about  8 00  m from  the  discharge  at  4 5°  angles  above 
and  below  current  direction)  ranged  from  0.023  to  0.065  mg  P/1, 
and  0.023  to  0.033  mg  P/1,  respectively.  The  highest  soluble 
ortho  P concentrations  at  these  stations  were  in  the  surface 
waters.  Although  this  was  also  the  pattern  of  total  P 
concentrations  at  Station  8,  at  Station  5,  the  higher  total 
phosphorus  concentration  was  in  the  near  bottom  water.  The 
lower  phosphorus  concentrations  found  in  the  near  bottom 
water  at  Station  8 may  have  been  related  to  what  appeared  to 
be  a salt  wedge  entering  the  disposal  area  with  a rising  tide. 
The  salinity  in  the  near  bottom  waters  was  11  °/oo  whereas 
in  the  surface  waters,  it  was  1 °/oo. 

The  only  other  station  that  appeared  to  have  such 
a salinity  variation  was  Station  7 (located  about  400  m from 
the  discharge,  45°  below  the  current  direction).  There  the 
1 and  3 m soluble  orthophosphate  concentrations  were  both 
about  0.044  mg  P/1.  However,  at  3.5  m,  it  was  0.016  mg  P/1. 

Concentrations  of  soluble  orthophosphate  at 
Station  6,  (about  400  m from  the  discharge  45°  above  the 
direction  of  current)  ranged  from  0.040  to  0.058  mg  P/1. 

There  did  not  appear  to  be  a particular  pattern  with  depth. 

At  Station  8 slightly  lower  total  P and  soluble  ortho  P 
concentrations  were  found  in  deeper  waters. 

Samples  collected  at  Station  9,  about  400  m up- 
current  from  the  discharge,  had  soluble  orthophosphate  con- 
centrations ranging  from  0.013  to  0.031  mg  P/1.  The  lowest 
concentration  was  found  at  3.5  m,  but  these  values  did  not 
appear  to  be  related  to  salinity  differences. 

Organic  Compounds 

Table  526  presents  the  results  of  the  pesti- 
cide and  PCB  analyses  as  well  as  the  characteristics  of  the 
samples  in  terms  of  pH,  specific  conductance,  turbidity, 
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Table  526 


Mobile  Bay  Dredged  Sediment  Discharge  Plume 
Water  Samples-Station  2 


Compound 

2 Meter 
Samples 

(ng/1) 

3 . 5 Meter 
Samples 

Aldrin 

1.1 

19.7 

op' DDT 

< 3.0* 

3.6 

pp'DDT 

< 3.0 

71.9 

op 1 DDD 

< 2.0 

< 2.0 

pp ' DDD 

< 2.0 

< 2.0 

op ' DDE 

< 2.0 

< 2.0 

pp ' DDE 

11.6 

10.7 

Dieldrin 

< 1.2 

< 1.2 

Endosulfan  I 

< 1.2 

< 1.2 

Endosulfan  II 

< 2.2 

< 2.2 

Endrin 

< 1.6 

< 1.6 

Heptachlor 

< 0.4 

< 0.4 

Lindane 

7.8 

3.3 

PCBs 

231 

273 

Other  Parameters 

Oil  and  Grease  (mg/1) 

<0.5 

1.5 

TOC  (mg/1) 

19 

504 

Soluble  TOC  (mg/1) 

16 

10 

pH  @ 2 5°C 

7.6 

7.5 

Specific  Conductance 
(pmhos/cm  @ 25°C) 

3.03  x 103 

7.6  x 103 

Turbidity  (NTU ) 

37 

240 

% Settleable  Solids 
(v/v)  (24  hours 
settling) 

< 1 

22 

*Compound  present  in 

quantities  below  detection  limit. 
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percent  settleable  solids,  oil  and  grease,  TOC,  and  soluble 
TOC.  The  table  shows  that  the  turbidity  of  the  2 meter 
sample  (37  NTU)  is  much  less  than  that  of  the  3.5  meter 
sample  (240  NTU).  Percent  settleable  solids  in  the  2 meter 
sample  was  less  than  one  percent  while  the  3.5  meter  sample 
had  22  percent.  Oil  and  grease  in  the  2 meter  sample  was  below 
the  detection  limit  (0.5  mg/1)  and  1.5  mg/1  was  found  in  the 
3.5  meter  sample.  The  TOC  and  soluble  TOC  in  the  2 meter 
sample  were  19  and  16  mg/1,  respectively.  These  results 
indicate  that  TOC  content  is  mainly  present  in  the  soluble 
form  and  only  2.2  mg/1  is  attributed  to  the  particulate 
matter.  The  TOC  and  soluble  TOC  in  the  3.5  meter  sample  were 
504  and  10  mg/1,  respectively.  Apparently  in  the  3.5  meter 
sample  most  of  the  TOC  was  associated  with  particulate  matter. 

Lindane,  aldr’in,  pp'DDE,  op' DDT  and  PCBs  were 
found  in  the  2 meter  sample.  The  same  compounds  and  pp'DDT 
were  found  in  the  3.5  meter  sample.  Concentrations  of  aldrin, 
pp'DDE,  lindane  and  PCBs  in  the  2 meter  sample  were  1.1,  11.6, 
7.8,  and  231  ng/1,  respectively.  The  3.5  meter  sample  con- 
tained aldrin,  op'DDT,  pp'DDT,  pp'DDE,  lindane  and  PCBs  in 
concentrations  of  19.7,  3.5,  71.9,  10.7,  313,  and  273  ng/1, 
respectively.  Except  for  lindane  and  pp'DDE,  concentrations 
of  the  other  measurable  compounds  were  higher  in  the  3.5 
meter  sample  than  in  the  2 meter  sample.  It  could  be  rea- 
sonably concluded  that  a considerable  fraction  of  these  com- 
pounds are  associated  with  the  particulate  matter  in  the  3.5 
meter  sample.  The  most  obvious  is  pp'DDT  which  was  not  de- 
tected in  the  2 meter  sample  while  the  3.5  meter  sample  con- 
tained 7.19  ng/1.  The  low  solubility  of  pp'DDT  supports  this 
conclusion. 


118  2 


PART  IV: 


REFERENCES 


1.  US  EPA,  Handbook  for  Analytical  Quality  Control  in  Water 

and  Wastewater  Laboratories,  Analytical  Quality 
Control  Laboratories,  National  Environmental  Research 
Center,  Cincinnati,  1972. 

2.  American  Public  Health  Association  (APHA),  American  Water 

Works  Association,  and  Water  Pollution  Control 
Federation,  Standard  Methods  for  the  Examination  of 
Water  and  Wastes,  13th  ed..  New  York,  1971. 

3.  Gardner,  W.S.,  "Oxygenation  of  Lake  Sediments,"  M.S. 

Thesis,  1964,  University  of  Wisconsin,  Madison, 
Wisconsin . 

4.  Bartleson,  G.C.,  "The  Chemical  Investigation  of  Recent 

Lake  Sediments,"  M.S.  Thesis,  1970,  University  of 
Wisconsin,  Madison,  Wisconsin. 

5.  Black,  C.A.,  Evans,  D.D. , White,  J.L.,  Ensminger,  L.E., 

and  Clark,  F.E.  (eds.).  Methods  of  Soil  Analysis, 
American  Society  of  Agronomy,  Madison,  Wisconsin, 
1965. 

6.  US  EPA,  Manual  for  Methods  for  Chemical  Analysis  of  Water 

and  Wastes,  National  Environmental  Research  Center, 
Cincinnati , 1974. 

7.  Ediger,  R.O.,  Peterson,  G.E.  , and  Kerber,  J.D.,  "Appli- 

cation of  the  Graphite  Furnace  to  Saline  Water 
Analysis,"  Atomic  Absorption  Newsletter,  Perkin- 
Elmer  Applications  Study  No.  554,  Mar.,  1974. 

8.  Orion  Research,  "Orion  Instruction  Manual.  Ammonia 

Electrode  Model  95-10,"  1974,  Cambridge,  Mass. 

9.  Skarheim,  H.P.,  "Tables  of  the  Fraction  of  Ammonia  in 

the  Undissociated  Form  for  pH  6 to  9,  Temperature 
0-30°C,  TDS  0-3,000  mg/1  and  Salinity  5-35  g/kg," 

SERL  Report  No.  73-5,  1973,  Sanitary  Engineering 
Research  Laboratory,  University  of  California, 
Berkeley . 

10.  US  EPA,  Quality  Criteria  for  Water,  US  EPA-44019-76-023 , 

Washington,  P.C.,  1976. 

11.  Jackson,  M.L.,  Soil  Chemical  Analysis,  Prentice-Hall, 

Englewood  Cliffs,  N.J.,  1958'. 

12.  US  EPA,  Analysis  of  Pesticide  Residues  in  Human  and 

Environmental  Samples,  ( J . F . Thompson , ed . ) , 

US  EPA  Health  Effects  Research  Laboratory,  Research 
Triangle  Park,  N.C.,  1974. 


118  3 


Berg,  O.W.,  Diosady,  P.L.,  and  Rees,  G.A.V.,  "Column 
Chromatographic  Separation  of  Polychlorinated 
Biphenyls  fi’om  Chlorinated  Hydrocarbon  Pesticides 
and  Their  Subsequent  Gas  Chromatographic  Quantita- 
tion in  Terms  of  Derivations,"  Bulletin  of  Environ- 
mental Contamination  and  Toxicology,  Vol.  7,  1972, 
pp.  338-347. 

Fulk,  R. , Gruber,  D. , and  Wullschleger , R. , "Laboratory 
Study  of  the  Release  of  Pesticide  and  PCB  Materials 
to  the  Water  Column  During  Dredging  and  Disposal 
Operations,"  Contract  Report  D-75-6,  1975,  US  Army 
Engineer  Waterways  Experiment  Station,  Vicksburg, 
Mississippi . 

Lyons,  E.T.  and  Salman,  H.A.  , "Development  of  Analytical 
Procedures  for  Determining  Chlorinated  Hydrocarbon 
Residues  in  Waters  and  Sediments  from  Storage 
Reservoirs,"  1972,  National  Technical  Information 
Service,  US  Department  of  Commerce. 

Oswald,  E.  and  Moseman,  R. , Personal  Communication,  August 
20,  1976,  US  Environmental  Protection  Agency  Health 
Effects  Laboratory,  Research  Tz^iangle  Park,  N.C. 

US  Environmental  Protection  Agency,  "Ocean  Dumping 

Criteria,"  Federal  Register,  Vol.  38,  94,  1973, 
pp.  12872-12877. 

US  Environmental  Protection  Agency,  "Ocean  Dumping 

Final  Criteria," Federal  Register,  Vol.  38,  198, 

1973,  pp.  28610-28621. 

US  Environmental  Protection  Agency,  "Regulations  Govern- 
ing Discharge  of  Dredged  or  Fill  Material  in 
Navigable  Waters,"  Federal  Register,  Vol.  40,  173, 
September  5,  1975,  pp.  41292-41298. 

US  Environmental  Protection  Agency,  "Ocean  Dumping, 

Proposed  Revisions  of  Regulations  and  Criteria," 
Federal  Register,  Vol.  41,  125,  June  28,  1976, 

PP.  26644-26667. 

US  Environmental  Protection  Agency,  "Final  Revision  of 
Regulations  and  Criteria  - Ocean  Dumping,"  Federal 
Register,  Vol.  42,  7,  1977,  pp.  2462-2490. 

US  Environmental  Protection  Agency,  Methods  for  Acute 
Toxicity  Tests  with  Fish,  Macroinvertebrates , and 
Amphibians , E PA -6 6013-7 5-009,  Ecological  Research 
Series,  1975. 


23.  Little,  G. , "Induced  Winter  Breeding  and  Larval  Develop- 

ment in  the  Shrimp,  Palaemonetes  pugio , Holthius," 

Crustaceana  Supple.,  Vol.  2,  1968,  pp.  19-26. 

24.  Broad,  A.C.,  "Larval  Development  of  Palaemonetes  pugio , 

Holthius,"  Biol ■ Bull . , Vol.  112  , 1957  , pp.  144-161. 

25.  Broad,  A.C.,  "The  Relationship  Between  Diet  and  Larval 

Development  of  Palaemonetes,"  Biol.  Bull.,  Vol.  112, 

1957,  pp.  162-170. 

26.  Maki,  A.W.,  "Maintenance  of  Daphnia  Culture  Unit," 

Personal  Communication,  1974,  Environmental  Water 
Quality  Research  Department,  Ivorydale  Technical 
Center,  Cincinnati. 

27.  US  Army  Corps  of  Engineers,  San  Francisco  District, 

"Final  Composite  Environmental  Statement:  Mainten- 
ance Dredging  of  Existing  Navigation  Projects  in 
San  Francisco  Bay  Region,  California,"  December, 

1975,  San  Francisco,  California. 

28.  Chen,  K.Y.,  Gupta,  S.K.,  Sycip,  A.Z.,  Lee,  J.C.S., 

Knegevic,  M.  and  Choi,  W.W.  , "'Research  Study  on  V 

the  Effect  of  Dispersion,  Settling  and  Resedimenta- 
tion on  Migration  of  Chemical  Constituents  during 
Open  Water  Disposal  of  Dredged  Material,"  Contract 
Report  D-76-1,  Feb.,  1976,  US  Army  Engineer  Water- 
ways Experiment  Station,  Vicksburg,  Mississippi. 

29.  Thurston,  R.V.,  Russo,  R.C.  and  Emerson,  K. , "Aqueous 

Ammonia  Equilibrium  Calculations,"  Technical  Report 
No.  74-1,  1974,  Fisheries  Bioassay  Laboratory, 

Montana  State  University,  Bozeman,  Montana. 

30.  Personal  Communication,  R.  Whiting  to  G.  Fred  Lee, 

31.  Lee,  G.F.,  Bandyopadhyay , P.,  Butler,  J.,  Homer,  D.H. , 

Jones,  R.A. , Lopez,  J.M.,  Mariani,  G.M. , McDonald, 

C.,  Nicar,  M.J.,  Piwoni,  M.D.,  and  Saleh,  F.Y.  , 

"Aquatic  Disposal  Field  Investigations,  Galveston, 

Texas,  Offshore  Disposal  Site.  Appendix  B:  Investi- 
gation of  Water  Quality  Parameters  and  Physico- 
chemical Parameters,"  Technical  Report  D-77-20, 

Dec.,  1977,  U.S.  Army  Engineer  Waterways  Experiment 
Station,  Vicksburg,  Mississippi. 

32.  US  Environmental  Protection  Agency,  "Proposed  Guid-.  !!;.• 

for  Determining  Acceptability  of  Dredged  Sedin • ■ 

Disposal,"  US  EPA  Region  VI,  November,  197'. 

33.  National  Academy  of  Science-National  Academy  c 

ing.  Water  Quality  Criteria,  EPA-R3-B-03  , 

1973,  Washington,  D.C. 


1 185 


r 


34.  US  Food  and  Drug  Administration,  The  Pesticides  Chemical 

News  Guide,  January,  1976,  ppT  106 . 1-1-6 . 2 . 

35.  Crecelius,  E.A. , Bothner,  M.H.,  and  Carpenter,  R. , 

"Geochemistries  of  Argenic,  Antimony,  Mercury  and 
Related  Elements  in  Sediments  of  Puget  Sounds," 
Environ.  Sci.  S Technol.,  Vol.  9,  1975,  325-333. 

36.  Boyd,  M.B.,  Saucier,  P.T.,  Keeley,  J.W.,  Montgomery,  R.L., 

Brown,  R.D.,  Mathis,  D.B.,  and  Guice,  C.J.,  "Dis- 
posal of  Dredge  Spoil.  Problem  Identification  and 
Assessment  and  Research  Program  Development," 
Technical  Report  H-72-8,  US  Army  Engineer  Waterways 
Experiment  Station,  1972,  Vicksburg,  Mississippi. 

37.  Mueller,  J.A.,  Jeris,  J.S.,  Anderson,  A.R.,  Hughes,  C.F., 
"Contaminant  Inputs  to  the  New  York  Bight,"  NOAA 
Technical  Memorandum  ERL-MESA-6,  Marine  Ecosystems 
Analysis  Program  Office,  1976,  Boulder,  Colorado. 

Lee,  G.F.  and  Jones,  R.A.,  "Significance  of  Chemical 

Contaminants  in  Dredged  Sediments  in  the  New  York 
Bight,"  Jour.  Water  Pollution  Control  Federation, 

(In  press ) . 

Mueller,  J.A.,  Anderson,  R.A.,  and  Jeris,  J.S., 

"Contaminants  in  the  New  York  Bight,"  Jour.  Water 
Pollution  Control  Federation,  Vol.  48,  No.  10, 

1976,  2309-2325. 


38. 


39. 


1186 


Table 


PART  V:  APPENDIX  A 
Title 


Page 


fill 
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Sediment . 

Oxygen 

Demand : 

Los  Angeles  Site  1 

A4 

A2 

Sediment 

Sediment 

Oxygen 

Demand : 

• • • • 

Los  Angeles  Site  2 

A5 

A3 

Sediment 

Oxygen 

Demand : 

Newport  Subsample  A 

A6 

A4 

Sediment 

Oxygen 

Demand : 

Newport  Subsample  B 

A7 

A5 

Sediment 

Oxygen 

Demand : 

Stamford  Sediment  . • . 

A8 

A6 

Sediment 

Sediment 

Oxygen 

Demand : 

Norwalk  Site  1 

A9 

A7 

Sediment 

Sediment 

Oxygen 

Demand : 

• • • • 

Norwalk  Site  2 

A10 

A 8 

Sediment 
York  • . 

Oxygen 

Demand : 

Foundry  Cove,  New 

All 

A9 

Sediment 
Site  1 . 

Oxygen 

Demand : 

Menominee,  Michigan, 

A12 

A10 

Sediment 
Site  2 . 

Oxygen 

Demand : 

Menominee,  Michigan, 

A13 

All 

Sediment 

Carolina 

Oxygen 

Demand : 

Wilmington,  North 

A14 

A12 

Sediment  Oxygen  Demand: 
Mississippi  Sediment  . . 

WES  Lake,  Vicksburg, 

A15 

A13 

Sediment 
Sites  3, 

Oxygen 

4 and  £ 

Demand:  Apalachicola 

i Sediment  

A16 

A14 

Sediment  Oxygen 
Site  3 Sediment 

Demand : 

Apalachicola 

A17 

A15 

Sediment  Oxygen 
Site  4 Sediment 

Demand : 

Apalachicola 

A18 

A16 

Sediment  Oxygen 
Site  5 Sediment 

Demand : 

Apalachicola 

A19 

A17 

Sediment 

Sediment 

Oxygen  Demand: 
Test  No.  1 • • 

Mississippi  River 

A20 

A18 

Sediment 

Sediment 

Oxygen  Demand: 
Test  No.  2 • • 

Mississippi  Rivei’ 

A21 

A19 

Sediment 
Sed iment 

Oxygen 
No.  1 

Demand : 

James  River 

A2  2 

A 2 


Table 

Title 

Page 

A20 

Sediment 

Oxygen 

Demand : 

James  River  Sediment  No.  2. 

. A2  3 

A21 

Sediment 

Oxygen 

Demand : 

Bailey  Creek  Sediment 

A24 

A22 

Sediment 
Channel  1 

Oxygen  Demand: 
Buoy  1 Sediment 

Galveston  Bay  Entrance 

. A25 

A2  3 

Percent  I 
Samples . 

Bettleable  Solids:  Galveston  Hopper  Dredge 

. A26 

A24 

Sediment 

Oxygen 

Demand : 

Texas  City  Channel  Site  1 . 

. A28 

A2  5 

Sediment 

Oxygen 

Demand : 

Texas  City  Channel  Site  2 . 

. A29 

A26 

Sediment 

Oxygen 

Demand : 

Texas  City  Channel  Site  4 . 

. A30 

A27 

Sediment 

Oxygen 

Demand : 

Texas  City  Channel  Site  5 . 

. A31 

A2  8 

Sediment 

Oxygen 

Demand : 

Texas  City  Channel  Site  6 . 

. A3  2 

A29 

Sediment 

Oxygen 

Demand : 

Galveston  Channel  Sediment. 

. A33 

A30 

Sediment  Oxygen 
Site  1 Sediment, 

Demand : 

Houston  Ship  Channel 

. A34 

A3 1 

Sediment  Oxygen 
Site  2 Sediment. 

Demand : 

Houston  Ship  Channel 

. A3  5 

A3  2 

Sediment  Oxygen 
Site  3 Sediment, 

Demand : 

Houston  Ship  Channel 

. A36 

A3  3 

Sediment 
Sample  . 

Oxygen 

Demand : 

Port  Lavaca  Sediment 

. A37 

A34 

Sediment 

Sediment 

Oxygen 

Demand : 

Duwamish  River  Site  1 

. A3  8 

A3  5 

Sediment 

Sediment 

Oxygen 

Demand : 

Duwamish  River  Site  2 

. A39 

A3  6 

Sediment 

Sediment 

Oxygen 

Demand : 

Duwamish  River  Site  3 

. A40 

A3  7 

Sediment 

Sediment 

Oxygen 

Demand : 

Perth  Amboy  Channel 

. A41 

A3  8 

Sediment 

Sediment 

Oxygen 

Demand : 

Perth  Amboy  Anchorage 

. A4  2 

A39 

Sediment 

Oxygen 

Demand : 

Bay  Ridge  Channel  Sediment. 

. A4  3 

A40 

Sediment 

1.  . . . 

Oxygen 

Dema nd : 

Mobile  Bay  Alabama,  Site 

. A44 

A41 

Sediment 

Oxygen 

Demand : 

Mobile  Bay,  Alabama,  Site 

. A4  b 

A3 


Table  A2 

Sediment  Oxygen  Demand:  Los  Angeles  Site  2 Sediment 


(mg/1 

0 20° C ) 

Time 
(Min ) 

Dissolved  Oxygen 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7 . 4 

7 . 4 

7 . 4 

7 .4 

0 . 0 

1 

6 . 8 

6 . 8 

6 . 8 

6 . 8 

n.o 

2 

6.5 

6 . 6 

6 . 5 

6 . 5 

0.1 

3 

6.4 

6 . 5 

6 . 4 

6 . 4 

0.1 

4 

6 . 3 

6 . 4 

6 . 2 

6 . 3 

0.1 

5 

6.2 

6 . 3 

6.1 

6.2 

0.1 

6 

6.  1 

6 . 3 

6 . 1 

6.2 

0.1 

7 

6 . 1 

6 . 7 

6.0 

6.1 

0.1 

8 

6.0 

6.1 

5.9 

6.0 

0.1 

9 

5.9 

6.1 

5.9 

6.0 

0.1 

10 

5.9 

6.0 

5.8 

5.9 

0.1 

15 

5.7 

5.8 

5.6 

5 . 7 

0.1 

20 

5.4 

5 . 5 

5.4 

5.4 

0.1 

25 

5.2 

5.3 

5 . 2 

5 . 2 

0.1 

30 

5.0 

5.0 

5.0 

5 . 0 

o.o 

35 

4.9 

4.9 

4.9 

4.9 

0.0 

40 

4.7 

4.7 

4.7 

4.7 

0.0 

45 

4.6 

4.6 

4.6 

4.6 

0.0 

50 

4.4 

4 . 5 

4.4 

4.4 

0.1 

55 

4.3 

4.4 

4.3 

4 . 3 

0.1 

60 

4.2 

4 . 2 

4.1 

4.2 

0.1 

Sample  size  - 3 cc . 
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Table  A3 


Sediment 

Oxygen  Demand: 

Newport 

Subsample  A 

(mg/1  @ 19 

>C) 

Dissolved  Oxygen 

(Min) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7.5 

7 . 2 

7 . 3 

7 . 3 

0.2 

1 

7.2 

6 . 8 

6.  8 

6.  9 

0.2 

2 

6.7 

6 . 3 

6 . 1 

6 . 4 

0 . 3 

3 

6 . 4 

6. 0 

5 . 9 

6.  1 

0 . 3 

4 

6.2 

5.9 

5 . 8 

6 . 0 

0.2 

5 

6.0 

5 . 7 

5 . 6 

5 . 8 

0 . 2 

6 

5 . 9 

5 . 5 

5 . 4 

5. 6 

0 . 3 

7 

5 . 7 

5 . 3 

5.  3 

5.4 

0 . 2 

8 

5 . 6 

5.2 

5.  1 

5 . 3 

0 . 3 

9 

5 . 4 

5 . 0 

5 . 0 

5 . 1 

0 . 2 

10 

5.  3 

4 . 9 

4 . 9 

5.0 

0 . 2 

lb 

4 . 6 

4 . 2 

4.  3 

4 . 4 

0 . 2 

20 

4.0 

3.7 

3 . 7 

3 . 8 

0 . 2 

25 

3.5 

3.  2 

3.  2 

3.  3 

0 . 2 

30 

3 . 1 

2.8 

2.8 

2 . 9 

0 . 2 

3 5 

2 . 6 

2 . 4 

2. 3 

2.4 

0 . 2 

40 

2.2 

2.  1 

2.0 

2.1 

0.1 

4 5 

2.0 

1 . 7 

1 . 6 

1 . 8 

0 . 2 

50 

1.6 

1 . 4 

1.  3 

1.4 

0 . 2 

55 

1.4 

1 . 2 

1 . 1 

l . •; 

0 . 2 

60 

1.2 

1 . 1 

0 . 9 

1 . 1 

0 . 2 

Sample  size  - 3cc. 


A 6 


(mg/1  @ 19°C ) 


Time 

(Min) 

Dissolved 

Oxygen 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7.5 

7.5 

7.5 

7.5 

0.0 

1 

7.3 

7.3 

7.4 

7.3 

0.1 

2 

7.1 

7,1 

7,2 

7.1 

0.1 

3 

7.0 

7.0 

7.1 

7.0 

0.1 

4 

6.9 

6.9 

7.0 

6.9 

0.1 

5 

6 . 9 

6,  8 

6 . 9 

6 . 9 

0.1 

6 

6 . 8 

6.8 

6 . 8 

6 . 8 

0.0 

7 

6.  8 

6.7 

6.8 

6 . 8 

0.1 

8 

6 . 7 

6 . 7 

6.7 

6.7 

0.0 

9 

6.7 

6.6 

6.6 

6,6 

0.1 

10 

6.6 

6.6 

6.6 

6.6 

0.0 

15 

6.4 

6,4 

6,3 

6.4 

0.1 

20 

6.3 

6 , 3 

6.2 

6.3 

0.1 

25 

6.1 

6.1 

6.0 

6.1 

0.1 

30 

6.0 

5.9 

5 . 8 

5.9 

0.1 

35 

5.9 

5,8 

5,7 

5,8 

0.1 

40 

5.8 

5.7 

5.6 

5.7 

0.1 

45 

5.7 

5,6 

5.5 

5.6 

0.1 

50 

5.6 

5 . 5 

5.4 

5.5 

0.1 

55 

5.5 

5,4 

5.2 

5,4 

0.2 

60 

5.4  s 

5 . 3 

5.1 

5.3 

0.2 

Sample  size  - 3 cc. 


A7 


Table  A5 


Sediment  Oxygen  Demand: 

Stamford  Sediment 

(mg/1  @ 

K5 

O 

O 

O 

Time 

(min) 

Dissolved  Oxygen 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7.4 

7.4 

7.4 

7.4 

0 . 0 

1 

7.0 

7.3 

7.2 

7.2 

0.1 

2 

6.7 

6.8 

6.8 

6 . 8 

0.1 

3 

6.4 

6.6 

6.7 

6 . 6 

0.1 

4 

6 . 3 

6.4 

6.5 

6.4 

0.1 

5 

6.1 

6 . 2 

6.3 

6.2 

0.1 

6 

5.9 

6.0 

6.1 

6 . 0 

0.1 

7 

5.8 

5.9 

6 . 0 

5.9 

0.1 

8 

5.7 

5.8 

5 . 8 

5 . 8 

0 . 1 

9 

5.5 

5.6 

5 . 6 

5.6 

0 . 1 

10 

5.4 

5.5 

5.6 

5.5 

0.1 

15 

4.9 

4 . 9 

5.0 

4.9 

0.1 

20 

4.3 

4.4 

4.4 

4.4 

0.1 

25 

3.9 

4 . 1 

4.0 

4.0 

0.1 

30 

3.5 

3.6 

3.6 

3.6 

0.1 

3 5 

3.2 

3.2 

3.  3 

3.2 

0.1 

40 

2.9 

2 . 9 

3.0 

2 . 9 

0.1 

45 

2.6 

2.6 

2.7 

2.6 

0.1 

50 

CO 

CM 

2.3 

2.4 

2.3 

0.1 

55 

2.1 

2.1 

2.2 

2.1 

0.1 

60 

1.8 

1.8 

1.9 

1.8 

0.1 

Sample  size  - 3 cc. 


A8 


Table  A6 


Sediment  Oxygen 

Demand : 

Norwalk  Site  1 

Sediment 

i — ^ 

a 1 9°c ) 

Time 

(min] 

Dissolved  Oxygen 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7 . 5 

7.5 

7 . 5 

7 . 5 

0.0 

1 

7.1 

7 . 0 

7.4 

7.2 

0.2 

6.8 

6 . 7 

7.0 

6.8 

0 . 2 

J 

6 . 6 

6.5 

6 . 8 

6.6 

0 . 2 

4 

6.5 

6.3 

6 . 7 

6.5 

0.2 

5 

6.3 

6.2 

6 . 5 

6.3 

0 . 2 

6 

6 . 2 

6 . 1 

6 . 4 

6 . 2 

0 . 2 

7 

6.1 

5 . 9 

6.  2 

6.1 

0.2 

8 

5 . 9 

5.8 

6 . 1 

5 . 9 

0 . 2 

9 

5 . 8 

5 . 7 

6 . 0 

5.8 

0 . 2 

10 

5.7 

5 . 6 

5 . 9 

5 . 7 

0.2 

IS 

5 . 2 

5.1 

5 . 4 

5.2 

0.2 

20 

4 . 8 

4 . 6 

5.0 

4 . 8 

0.2 

25 

4 . 3 

4 . 2 

4 . 5 

4 . 3 

0 . 2 

30 

4.0 

3.8 

4 . 0 

3 . 9 

0.1 

35 

3.6 

3.5 

3.7 

3.6 

0.1 

40 

3.2 

3.1 

3.4 

3.2 

0.2 

45 

2.9 

2.9 

3.0 

2 . 9 

0.1 

50 

2.6 

2.6 

2.6 

2.6 

0.0 

55 

2.4 

2.3 

2.3 

2 . 3 

0.1 

60 

2.2 

2.2 

2.1 

2 . 2 

0.1 

Sample  size  - 3 cc , 


A9 


Table  A7 


Sediment 

Oxygen 

Demand : 

Norwalk  Site  2 Sediment 

(mg/1 

@ 19°C) 

Time 

(min ) 

Dissolved 

Oxygen 

Run  1 

Run  2 

X 

SD 

0 

7.5 

7 . 3 

7.4 

0.1 

1 

7.1 

7.1 

7.1 

0.0 

2 

6.7 

6.7 

6.7 

0.0 

3 

6 . 5 

6.5 

6 . 5 

0.0 

4 

6.  3 

6 . 3 

6 . 3 

0.1 

5 

6.1 

6.2 

6 . 2 

0.1 

6 

6 . 0 

6.1 

6.1 

0.0 

7 

5 . 9 

5.9 

5 . 9 

0.0 

8 

5.8 

5.8 

5 . 8 

0.1 

9 

5.6 

5 . 7 

5.7 

0.1 

10 

5.5 

5.6 

5.6 

0.1 

15 

5 . 0 

5.1 

5 . 0 

0.1 

20 

4.5 

4 . 6 

4 . 6 

0.1 

25 

4.0 

4.2 

4.1 

0.1 

30 

3.6 

3.8 

3.7 

0.1 

35 

3 . 3 

3.4 

3.4 

0.1 

40 

3.0 

3.1 

3.0 

0.1 

45 

2 . 6 

2 . 8 

2.7 

0.1 

50 

2.4 

2.5 

2 . 4 

0.1 

55 

2.1 

2 . 3 

2.2 

0.1 

60 

1.9 

2.1 

2.0 

0.1 

Sample  size  - 3 cc 


Table  A8 


Sediment 

Oxygen  Demand: 

Foundry 

Cove , New 

York 

(mg/1  @ 

20°C ) 

L'ime 

Dissolved  Oxygen 

Run  1 

Run  2 

Run  3 

X 

SB 

0 

7 . 5 

7.5 

7 . 5 

7.5 

0 

1 

7 . 3 

7 . 2 

7 . 2 

7.2 

0.1 

9 

L 

6 . 6 

6 . 5 

6.4 

6 . 5 

0.1 

3 

6 . 3 

6.2 

6.1 

6.2 

0.1 

4 

6.0 

5.9 

5.9 

5 . 9 

0.1 

5 

5 . 9 

5.8 

5.7 

5 . 8 

0.1 

6 

5.8 

5.7 

5.5 

5.7 

0.2 

7 

5.7 

5 . 6 

5.4 

5.6 

0.2 

8 

5.6 

5.4 

5.2 

5.4 

0 . 2 

9 

5.5 

5 . 3 

5.1 

5 . 3 

0 . 2 

10 

5 . 4 

5.3 

5.0 

5 . 2 

0.2 

15 

5.1 

5.0 

4 . 8 

5.0 

0.2 

20 

4 . 8 

4 . 8 

4.6 

4 . 8 

0.2 

25 

4.7 

4.7 

4.5 

4.7 

0.2 

30 

4 . 6 

4 . 5 

4.3 

4.5 

0.2 

35 

4 . 5 

4.4 

4.2 

4.4 

0.2 

40 

4.4 

4 . 3 

4 . 2 

4.3 

0.2 

45 

4 . 3 

4.2 

4.1 

4 . 2 

0.2 

50 

4 . 2 

4.1 

4.0 

4.2 

0.2 

55 

4.1 

4.0 

4.0 

4.1 

0 . 2 

60 

4.1 

3.9 

3.9 

4.0 

0.2 

Sample  size  - 2 cc. 


All 


Table  A9 

Sediment  Oxygen  Demand:  Menominee,  Michigan,  3ite  1 

(mg/1  @ 21°C) 


Time 

(min) 

Dissolved 

Oxygen 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

8.7 

8.7 

8.8 

8.7 

0.1 

1 

7.6 

7.8 

7.7 

7.7 

0.1 

2 

6.8 

7.1 

7.0 

7.0 

0.2 

3 

6.4 

6.7 

6.6 

6.6 

0.2 

4 

6.0 

6.3 

6 . 3 

6.2 

0.2 

5 

5.8 

6.1 

6.1 

6.0 

0.2 

6 

5.6 

5.9 

5.9 

5.8 

0.2 

7 

5.4 

5.7 

5.8 

5.6 

0.2 

8 

5.3 

5.6 

5.6 

5.5 

0.2 

9 

5.2 

5.5 

5.5 

5.4 

0.2 

10 

5.1 

5.4 

5.4 

5 . 3 

0.2 

15 

4.7 

5.0 

5.0 

4.9 

0.2 

20 

4.4 

4.7 

4.8 

4.6 

0.2 

25 

4.2 

4.5 

4.6 

4.4 

0.2 

30 

4.0 

4.3 

4.4 

4.2 

0.2 

35 

3.9 

4.2 

4.3 

4.1 

0.2 

40 

3.8 

4.1 

4.2 

4.0 

0.2 

45 

3.7 

4.0 

4.1 

3.9 

0.2 

50 

3.6 

3.9 

4.0 

3.8 

0.2 

55 

3.5 

3.8 

3.9 

3.7 

0.2 

60 

3.4 

3.7 

3.9 

3.7 

0.3 

Sample  size  - 3 cc. 


A12 


Table  A10 

Sediment  Oxygen  Demand:  Menominee  Michigan,  Site  2 


(mg/1  @ 20  C) 


Dissolved  Oxveen 


Run  1 


Run  2 


Run  3 


1 

0 

8.7 

CO 

CD 

8.7 

CO 

1 

1 

7.9 

8.1 

7.8 

7.9 

1 

2 

7.3 

7.5 

7.3 

7.4 

3 

6 . 9 

7.2 

7.0 

7.0 

4 

6.7 

6.9 

6 . 8 

6.8 

5 

6.4 

6.8 

6.7 

6 . 6 

6 

6 . 3 

6.6 

6.4 

6.4 

7 

6.1 

6.5 

6.2 

6 . 3 

8 

5.9 

6.4 

6.1 

6.1 

9 

5.8 

6.2 

5.9 

6.0 

10 

5.7 

6.1 

5.8 

5.9 

15 

5.3 

5.7 

5.4 

5.5 

20 

4.9 

5.3 

5.0 

4.9 

25 

4.5 

5.0 

4.7 

4.7 

30 

4.2 

4.7 

4.4 

4.4 

35 

4.0 

4.5 

4.1 

4.2 

40 

3.7 

4.3 

3.9 

4.0 

45 

3.5 

4.0 

3.6 

3.7 

50 

3.3 

3.9 

3.5 

3.6 

55 

3.2 

3.7 

3.3 

3.4 

60 

3.0 

3 . 6 

3.2 

3.3 

Sample  size  -3c 


Table  All 


Sediment  t 

Wilmington, 

Nor  tli 

Demand : 

Carol ina 

T i me 
(min ) 

D.O. 

C nig/  1 

0 2 0 ° C ) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7 . 

3 

7. 

3 

7 , 

. 2 

7 , 

. 3 

0 . 

1 

1 

7 . 

0 

7 . 

o 

6 , 

. 8 

7 , 

' 

0. 

o 

7 . 

0 

7 . 

1 

6 . 

. 7 

05, 

, 9 

0. 

2 

3 

6 . 

9 

7 . 

0 

6 , 

. 7 

6 , 

, 9 

0 . 

2 

4 

0 . 

9 

7 , 

0 

6 . 

. 6 

6 , 

. 8 

0. 

9 

L 

5 

6 . 

8 

7 , 

0 

6 . 

. 5 

05  , 

, 8 

0. 

3 

6 

0 . 

8 

0 , 

9 

6 . 

. 5 

6 . 

, 7 

0. 

o 

7 

0 . 

8 

0 . 

9 

0 , 

. 5 

6 , 

, 7 

0 . 

2 

8 

6 . 

7 

6 . 

9 

6 . 

, 4 

6 , 

. 7 

0. 

3 

9 

6 . 

7 

/ 

6 . 

8 

6 . 

, 4 

0. 

, 6 

0. 

2 

10 

6. 

7 

0 • 

8 

6 . 

. 3 

0, 

. 6 

0 . 

3 

15 

6 . 

0 

6 . 

7 

05  , 

. 2 

6 , 

. 5 

0 . 

3 

20 

0 . 

4 

6 , 

6 

0 . 

, ] 

6 . 

, 4 

0. 

3 

25 

6 . 

3 

6 . 

5 

0 , 

. 0 

6 , 

. 3 

0. 

3 

3 0 

6 . 

O 

i. 

6 . 

5 

5. 

, 9 

6 , 

, 2 

0 . 

3 

3 5 

05  . 

1 

6 . 

4 

5 . 

.8 

6 , 

. 1 

0. 

3 

40 

0 . 

1 

0 , 

3 

5. 

, 8 

6 , 

. 0 

0 . 

3 

4 5 

0 , 

0 

0 . 

3 

5 . 

. 7 

6 , 

, 0 

0 . 

5 0 

5 . 

9 

0 , 

2 

5. 

. 0 

5. 

, 9 

0 . 

3 

55 

5 . 

8 

0 , 

O 

5 . 

. 0 

5 . 

. 9 

0. 

3 

0 0 

5 , 

8 

6 . 

1 

5 . 

, 5 

5 . 

, 8 

0 . 

3 

Sample  size  - 3 cc. 


A14 


Table  A12 

Sediment  Oxygen  Demand;  WES  Lake, 
Vicksburg,  Mississippi  Sediment 


(mg/1  @ 20°C) 

Time 

(min) 

Dissolved  Oxygen 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

9.0 

9.0 

9.0 

9.0 

0 

1 

8.5 

8.3 

8.4 

8.4 

0.1 

2 

7.9 

7.7 

7.6 

7.7 

0.2 

3 

6.4 

6.1 

6.0 

6.2 

0.2 

4 

6.0 

5.7 

5.6 

5.8 

0.2 

5 

5.6 

5.4 

5.2 

5.4 

0.2 

6 

5.4 

5.2 

5.0 

5.2 

0.2 

7 

5.2 

5.0 

4 . 9 

5.0 

0.2 

8 

5.1 

4.9 

4 . 8 

4.9 

0.2 

9 

5.0 

4.8 

4.7 

4.8 

0.2 

10 

4.9 

4.7 

4.6 

4.7 

0.2 

15 

4.5 

4 . 5 

4 . 3 

4.4 

0.1 

20 

4.2 

4.3 

4.1 

4.2 

0.1 

25 

4.1 

4 . 2 

4 . 0 

4.1 

0.1 

30 

4.0 

4.1 

3.9 

4.0 

0.1 

35 

3.9 

4.0 

3.8 

3.9 

0.1 

40 

3.8 

4 . 0 

3 . 8 

3.9 

0.1 

45 

3.7 

3.9 

3.7 

3.8 

0.1 

50 

3.6 

3 . 9 

3.7 

3.7 

0.2 

55 

3.5 

3.8 

3 . 6 

3.6 

0.2 

60 

3.4 

3.8 

3 . 6 

3.6 

0.2 

Sample  size  - 2 cc 


i 


Table  A14 


Sediment  Oxygen  Demand: 
Apalachicola  Site  3 Sediment 


Time 

(min) 

Dissolved 

Oxygen  (mg/1 

@ 20°C) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7.5 

7.4 

7.5 

7.5 

0.1 

1 

6.4 

6.7 

6.7 

6.6 

0.2 

2 

5.6 

5.6 

5.7 

5.6 

0.1 

3 

5.0 

5.2 

5.1 

5.1 

0.1 

4 

4.8 

5.0 

4.9 

4.9 

0.1 

5 

4.5 

4.8 

4.6 

4.6 

0.1 

6 

4.3 

4.6 

4.4 

4.4 

0.2 

7 

4.2 

4.4 

4.2 

4.3 

0.2 

8 

4.0 

4.3 

4.1 

4.1 

0.2 

9 

4.0 

4.2 

4.0 

4.1 

0.2 

10 

3.9 

4.0 

3.8 

3.9 

0.1 

15 

3.4 

3.6 

3.3 

3.4 

0.1 

20 

3.1 

3.3 

3.1 

3.2 

0.2 

25 

2.8 

3.1 

2.8 

2.9 

0.1 

30 

2.6 

2.9 

2.6 

2.7 

0.2 

35 

2.4 

2.7 

2.4 

2.5 

0.2 

40 

2.2 

2.5 

2.2 

2.3 

0.2 

45 

2.1 

2.4 

2.1 

2.2 

0.2 

50 

2.0 

2.2 

2.0 

2.1 

0.1 

55 

1.9 

2.2 

1.8 

2.0 

0.2 

60 

1.8 

2.1 

1.7 

1.9 

0.2 

Sample  size  - 3 cc . 


A17 


Table  A15 


Sediment  Oxygen  Demand: 
Apalachicola  Site  4 Sediment 


Time 

(min) 

Dissolved 

Oxygen  (mg/1 

@ 2 0°C ) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7.5 

7.5 

7.5 

7.5 

0.0 

1 

6.8 

6.9 

6.8 

6.8 

0.1 

2 

6.  3 

6.4 

6.4 

6.4 

0.1 

3 

6.0 

6.1 

6.1 

6.1 

0.1 

4 

5.8 

5.8 

5.9 

5.8 

0.1 

5 

5.5 

5.5 

5.5 

5.5 

0.0 

6 

5.3 

5.4 

5.3 

5.3 

0.1 

7 

5.3 

5.3 

5.2 

5.2 

0.1 

8 

5.1 

5.2 

5.1 

5.1 

0.1 

9 

5.0 

5.0 

5.0 

5.0 

0.0 

10 

4.9 

4.9 

5.0 

4.9 

0.1 

15 

4.4 

4.5 

4.6 

4.5 

0.1 

20 

4.0 

4.1 

4.2 

4.1 

0.1 

25 

3.6 

3.8 

3.8 

3.7 

0.2 

30 

3.4 

3.5 

3.6 

3.5 

0.1 

35 

3.0 

3.2 

3.3 

3.2 

0.2 

40 

2.9 

3.1 

3.2 

3.1 

0.2 

45 

2.7 

2.9 

3.0 

2.9 

0.2 

50 

2.6 

2.7 

2.9 

2.7 

0.2 

55 

2.4 

2.6 

2.8 

2.6 

0.2 

60 

2.3 

2.5 

2.7 

2.5 

0.2 

Sample  size  - 2 cc . 


A18 


Table  A16 


Sediment  Oxygen  Demand: 
Apalachicola  Site  5 Sediment 


Time 
(min ) 

Dissolved 

Oxygen  (mg/1 

@ 20°C') 

Run  1 

Run  2 

Run  3 

m.  ' 

X 

SD 

0 

7.3 

7.3 

7.3 

7.3 

0.0 

1 

6.6 

6.6 

6.5 

6.6 

0.1 

2 

5.9 

5.8 

5.7 

5.8 

0.1 

3 

5.4 

5.4 

5.3 

5.4 

0.1 

4 

5.1 

5.0 

5.0 

5.0 

0.1 

5 

4.9 

4.9 

4.9 

4.9 

0.0 

6 

4.8 

4.7 

4.7 

4 . 7 

0.1 

7 

4.6 

4.6 

4.6 

4 . 6 

0.0 

8 

4.5 

4.5 

4.4 

4.5 

0.1 

9 

4.4 

4.4 

4.3 

4.4 

0.1 

10 

4.3 

4.3 

4.2 

4.3 

0.1 

15 

4.0 

4.0 

3 . 8 

3.9 

0.1 

20 

3.6 

3.7 

3.6 

3.6 

0.1 

25 

3.4 

3.4 

3.3 

3.4 

0.1 

30 

3.2 

3.2 

3.2 

3.2 

0.0 

35 

3.1 

3.0 

3.0 

3.0 

0.1 

40 

3.0 

2 . 9 

2.9 

2.9 

0.1 

45 

2.8 

2.8 

2.7 

2.8 

0.1 

50 

2.7 

2.7 

2.6 

2.7 

0.1 

55 

2.6 

2.6 

2.5 

2.6 

0.1 

60 

2.5 

2.5 

2.3 

2.5 

0.1 

Sample  size  - 3 cc . 
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River  Sediment  Test  No.  1 


(ing/1  @ 21°C) 

P i s so  1 ved  Oxygen 
Run  2 Run  3 


Run  1 


Table  A18 

Sediment  Oxygen  Demand:  Mississippi 
River  Sediment  Test  No.  2 


(mg/1  @ 21°C) 


Time Dissolved  Oxygen 


(min ) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

9.0 

8 . 8 

8.8 

8.9 

0 . 

1 

1 

8.8 

8 . 7 

8.7 

8.7 

0 . 

.1 

2 

8.7 

8.6 

8.6 

8 . 6 

0 . 

1 

3 

8.6 

8.6 

8 . 6 

8 . 6 

0 . 

0 

4 

8.6 

8.5 

8 . 6 

8 . 6 

0 . 

, 0 

5 

8.6 

8.6 

8 . 5 

8 . 5 

0 , 

,1 

6 

8.  5 

8 . 5 

8.5 

8.5 

0 . 

, 0 

7 

8.5 

8 . 5 

8 . 5 

8 . 5 

0. 

. 0 

8 

8.4 

8 . 5 

8 . 4 

8 . 4 

0 . 

, 1 

9 

8 . 4 

8.4 

8 . 4 

8 . 4 

0 . 

,0 

10 

8.4 

8 . 4 

8 . 4 

8.4 

0 . 

. 0 

15 

8.2 

8 . 3 

8.2 

8 . 2 

0. 

, 1 

20 

8.1 

8.1 

8 . 1 

8.1 

0 , 

.0 

25 

8.0 

8 . 0 

8 . 0 

8 . 0 

0 . 

. 0 

30 

7.8 

7 . 9 

7 . 8 

7 . 8 

0. 

.1 

35 

7 . 7 

7 . 8 

7 . 7 

7 . 7 

0 , 

. 1 

40 

7.6 

7 . 7 

7.6 

7 . 6 

0, 

. 1 

45 

7.5 

7 . 6 

7 . 5 

7 . 5 

0 , 

, 1 

50 

7.4 

7.4 

7 . 4 

7.4 

0 , 

. 0 

55 

7.3 

7.3 

7.3 

7.3 

0, 

, 0 

60 

7.2 

7.2 

7.2 

7 . 2 

0. 

. 0 

Sample  size  3 cc. 
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Table  A19 


Sediment  Oxygen  Demand:  James  River  Sediment  No.  1 


Time 

(min) 

Dissolved 

Oxygen  (mg/1  @ 

21°C) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

9.0 

9 .0 

9 .0 

9.0 

0.0 

1 

7.5 

8.2 

7 . 3 

7.7 

0.5 

2 

6.4 

7.2 

6.1 

6 .6 

0 .6 

3 

5.9 

6.7 

5.6 

6.1 

0.6 

4 

5 . 5 

6.3 

5.3 

5.7 

0.5 

5 

5.4 

6.0 

5.0 

5.5 

0.5 

6 

5.2 

5.8 

4.9 

5.3 

0.5 

7 

5.0 

5.6 

4.8 

5.1 

0.4 

8 

4.9 

5.4 

4.6 

5.0 

0.4 

9 

4.8 

5 . 3 

4.5 

4.9 

0.4 

10 

4.6 

5.2 

4 . 4 

4 . 7 

0.4 

15 

4.3 

4.9 

4.0 

4.4 

0.5 

20 

4.0 

4.6 

3.7 

4.1 

0.5 

25 

3.7 

4.4 

3.4 

3 . 8 

0.5 

30 

3.6 

4.2 

3.2 

3.7 

0.5 

35 

3.4 

4.0 

3.0 

3.5 

0.5 

40 

3.2 

3.9 

2.8 

3 . 3 

0.6 

45 

3.0 

3 . 8 

2.6 

3.1 

0.6 

50 

2.8 

3.7 

2.5 

3.0 

0.6 

55 

2.7 

3.6 

2.4 

2.9 

0.6 

60 

2.6 

3.4 

2 . 3 

2.8 

0 . 6 

Sample  size  - 3 cc. 
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Table  A20 


Sediment  Oxygen  Demand:  James  River  Sediment  No . 2 


Time 

( min ) 

Dissolved 

Oxygen  (mg/1 

@ 2 1°C ) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

8.8 

8 . 8 

8 . 8 

8 . 8 

0.0 

1 

7.0 

6.8 

7.0 

6.9 

0.1 

2 

5.8 

5.7 

5 . 8 

5.8 

0.1 

3 

5.1 

5.2 

5.2 

5.2 

0.1 

4 

4 . 8 

4.9 

4.9 

4.9 

0.1 

5 

4 . 5 

4 . 7 

4.6 

4.6 

0.1 

6 

4.2 

4.5 

4 . 4 

4.4 

0 . 2 

7 

4.0 

4 .4 

4.3 

4.2 

0 . 2 

8 

3.9 

4.2 

4.1 

4.1 

0.2 

9 

3.8 

4.1 

4.0 

4.0 

0.2 

10 

3.7 

4 . 0 

3.9 

3.9 

0.2 

15 

3.2 

3.6 

3.4 

3.4 

0.2 

20 

2.9 

3.2 

3.1 

3.1 

0.2 

25 

2.6 

3.0 

2.8 

2 . 8 

0.2 

30 

2.3 

2.7 

2.5 

2.5 

0 . 2 

35 

2.1 

2.5 

2.3 

2.3 

0.2 

40 

1.9 

2.3 

2.2 

2.1 

0.2 

45 

1.7 

2.2 

1 . 9 

1.9 

0.3 

50 

1.6 

2.0 

1.8 

1.8 

0 . 2 

55 

1.4 

1 . 8 

1.6 

1.6 

0.2 

60 

1 . 3 

1.7 

1.4 

1.5 

0.3 

Sample  size 


3 cc 


Table  A21 


Sediment  Oxygen 

Demand : 

Eailey 

Creek  Sediment 

T i me 

Dissolved 

Oxvgen  (mg/1 

@ 2 1°C ) 

(min ) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

8 . 8 

8 . 8 

8 . 8 

8 . 8 

0 .0 

1 

8 . 4 

8.3 

8 . 3 

8.3 

0.1 

9 

8 . 2 

8.1 

8 . 2 

8.2 

0.1 

3 

8 . 1 

8.0 

8.0 

8.0 

0.1 

4 

8.0 

7.8 

7 .8 

7.9 

0 .1 

5 

7.9 

7 . 7 

7.6 

7 . 7 

0.2 

6 

7.8 

7.6 

7 . 5 

7.6 

0.2 

7 

7 . 7 

7 . 5 

7.4 

7.5 

0 . 2 

8 

7.6 

7.4 

7 . 3 

7.4 

0.2 

9 

7 . 5 

7 . 3 

7 . 2 

7.3 

0.2 

10 

7 . 5 

7.2 

7.1 

7 . 3 

0 . 2 

15 

7.1 

6 . 8 

6 .8 

6.9 

O'.  2 

20 

6 . 8 

6 . 5 

6 . 4 

6 ; 6 

0.2 

25 

6.5 

6.2 

6.1 

6.3 

0.2 

30 

6.3 

6.0 

5.9 

6.1 

0.2 

35 

6.0 

5 . 8 

5 . 7 

5.8 

0.2 

40 

5 . 8 

5.6 

5 . 5 

5.6 

0.2 

45 

5.6 

5.3 

5.4 

5.4 

0.2 

50 

5.4 

5.1 

5.2 

5 . 2 

0.2 

55 

5 . 2 

4.9 

5 . 0 

5 . 0 

0 . 2 

60 

5.0 

4 . 7 

4 . 8 

4 . 8 

0.2 

Sample 

size  - 3 cc. 

A24 


Table  A22 


Sediment  Oxygen  Demand:  Galveston  Bay 
Entrance  Channel  Buoy  1 Sediment 


Time 

(min ) 

Dissolved  Oxygen  (mg/1  @ 20 

°C) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

8.1 

8.4 

8.3 

8 . 3 

0.2 

1 

7.5 

7.6 

7.7 

7.6 

0.1 

2 

6.8 

6.8 

6 . 9 

6.  8 

0.1 

3 

6 . 3 

6. 3 

6.3 

6 . 3 

0.0 

4 

5.9 

5 . 8 

5 . 9 

5.9 

0.1 

5 

5.7 

5.6 

5.6 

5.6 

0.1 

6 

5.4 

5.3 

5 . 3 

5 . 3 

0.1 

7 

5.2 

5.1 

5.1 

5.1 

0.1 

8 

4.9 

4 . 9 

4 . 9 

4 . 9 

0 . 0 

9 

4 . 8 

4 . 7 

4 . 7 

4 . 7 

0 . 1 

10 

4.7 

4 . 6 

4 . 5 

4 . 6 

0.1 

15 

4 . 0 

4 . 1 

4 . 0 

4.0 

0.1 

20 

3.6 

3.6 

3.6 

3.6 

o 

o 

25 

3.3 

3.2 

3.2 

3 . 2 

0.1 

30 

3.0 

3.0 

3.0 

3.0 

0.1 

35 

2.8 

2 . 7 

2.7 

2.7 

0.1 

40 

2 . 5 

2.5 

2 . 6 

2.5 

0.1 

45 

2.3 

2.3 

2.4 

2 . 3 

0.1 

50 

2.2 

2.2 

2.  3 

2 . 2 

0.1 

55 

2.1 

O 

CM 

2.2 

2.1 

0.1 

60 

2.0 

1.9 

2.1 

2.0 

0.1 

Sample  size  - 5 cc. 


A25 


August  2 5 : 


Run  1 (Buoys  9-11)  12:55  D 

13:00  D 
13:05  D 
13:10  D 
13:20  D 
13:35  D 
13:50  D 
13:55  S 


Run  2 (Buoys  7A-11)  14:45 

14  ; 50 

14  : 5 5 
15:00 
15:05 

15  : 10 

August  28: 

Run  1 (Buoys  6-8)  12:08 

(Galv.  Dump  No . 2 ) 12:18 

12  ; 2 8 
12:38 
12:48 

Run  2 (Buoys  6-8)  13:15 

(Galv.  Dump  No.  3)  13:25 

13:35 
13:45 
14  : 0 5 
14  : 2 5 

August  29  : 

Run  1 (Buoys  4-8)  10:06 

10:16 
10  : 36 
10  : 46 
10:56 
11:06 


(Continued) 
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Table  A23 (Concluded) 


Dredging 

Time 

Sample 

Percent 

Location  and 

Date  (1975) 

(hr : min) 

Source* ** 

Settleable  Solids 

August  29: 

Run  2 (Buoys  1-3) 

12:03 

D 

100 

(Galv.  Dump  No.  4) 

12:13 

D 

97 

12:23 

D 

36 

12:33 

S 

10 

12:53 

S 

Run  3 (Buoys  1-3) 
(Galv.  Dump  No.  5) 

13:30 

D 

88 

13:40 

D 

54 

13:55 

D 

53 

14:05 

S 

39 

14  : 15 

S 

45 

*Sample  source:  D = Dredging  pump  discharge,  S = Supernatant. 

** Sample  source  and  percent  settleable  solids  data  in  this 
table  correspond  to  hopper  samples  concentrations  data  in  other 
Galveston  Hopper  Dredge  tables,  and  are  not  repeated  in  those 
tables . 
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Table  A24 


Sediment  Oxygen  Demand:  Texas  City  Channel  Site  1 


Time  Dissolved  Oxygen  (mg/l@20°C) 


(min ) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

8.7 

8 . 7 

8.  8 

8.7 

0.1 

1 

8.4 

8.2 

8 . 5 

8.4 

0.2 

2 

7.7 

7.6 

7.9 

7.7 

0.2 

3 

7.4 

7.0 

7.5 

7 . 3 

0.3 

4 

7.0 

6.6 

7.1 

6.9 

0.3 

5 

6.8 

6.2 

6.8 

6 . 6 

0.3 

6 

6.4 

5 . 8 

6.4 

6.2 

0 . 3 

7 

6.2 

5 . 6 

6.1 

6.0 

0.3 

8 

5.9 

5 . 2 

5.8 

5.6 

0.4 

9 

5 . 7 

5.0 

5.6 

5.4 

0.4 

10 

5 . 5 

4.8 

5.4 

5 . 3 

0 . 3 

15 

4.5 

3.7 

4 . 3 

4.2 

0.4 

20 

3.7 

2.9 

3.5 

3.4 

0.4 

25 

3.1 

2.2 

2 . 8 

2.7 

0.5 

30 

2.5 

1.6 

2.2 

2.1 

0.5 

35 

2.1 

1.2 

1.7 

1.7 

0.4 

40 

1.6 

0.8 

1.4 

1 . 3 

0.4 

45 

1.3 

0.5 

1.0 

0 . 9 

0.4 

50 

1.  0 

0.3 

0 . 8 

0 . 7 

0.3 

55 

0.7 

0.2 

0.5 

0.5 

0.2 

60 

0.5 

0.1 

0. 3 

0. 3 

0.3 

Sample  size  - 5 cc, 
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Table  A25 


Sediment 

Oxygen 

Demand : 

Texas  City 

Channel 

Site  2 

Time 

(min ) 

Dissolved 

Oxygen  (mg/l@20°c) 

Run  1 

Run  2 

Run  3 

SD 

0 

8.6 

8.5 

8.5 

8.5 

0.1 

1 

7.9 

7.6 

7.9 

7.8 

0 . 2 

2 

7.5 

7.1 

7.4 

7.3 

0.2 

3 

7.1 

6.7 

6.8 

6.9 

0.2 

4 

6 . 8 

6.3 

6 . 5 

6.5 

0.2 

5 

6.5 

6.0 

6.1 

6.2 

0.3 

6 

6.2 

5.8 

5 . 8 

5.9 

0.2 

7 

6.0 

5 . 6 

5.5 

5.7 

0.3 

8 

5 . 8 

5.3 

5.2 

5.4 

0.3 

9 

5.6 

5.1 

5.0 

5.2 

CO 

o 

10 

5.4 

4.9 

4.8 

5 . 0 

0 . 3 

15 

4 . 6 

4.0 

3.9 

• 4.2 

0.4 

20 

3.8 

3.4 

2 . 8 

3.3 

0 . 5 

25 

3.  3 

2.9 

2.5 

2.9 

0.4 

30 

2 . 8 

2 . 3 

2.0 

2.4 

0.4 

35 

2.3 

1.9 

1.6 

1.9 

0.4 

40 

2.0 

1.6 

1.2 

1.6 

0.4 

45 

1.6 

1.2 

0.9 

1.2 

0.4 

50 

1.3 

0.9 

0.6 

0.9 

0.4 

55 

1.0 

0.7 

0.4 

0.7 

CO 

o 

60 

0.8 

0.5 

CO 

o 

0.5 

0.2 

Sample  size  - 5 cc. 
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4 


SeOimont  Oxygen 

Duran  ml 

: Ti'x.i 

; I'ity  ('ll. nine  1 

Si  to 

4 

T i me 

nib 

no  1 viv! 

Oxygen 

( mg/  1 @ L°C  ) 

(min) 

Kun  1 

Run"  7 

Run 

3 5 

SD 

0 

7 . 4 

7.4 

7 . S 

7 . 4 

0 . 1 

1 

0 . 9 

8 . 8 

7 . 2 

7 . 0 

0 . 

0 . 4 

8 . 4 

8 . 8 

8 . S 

0.  1 

3 

0 . 0 

8 . 1 

8 . 1 

8 . 1 

0 . 1 

4 

S . 8 

S . 8 

S . 9 

S . 8 

0 . 1 

s 

S . 0 

S . 7 

S . 8 

S . 8 

0.  1 

6 

S . 4 

S . S 

S . 4 

S . 4 

0 . 1 

7 

s . : 

1' . 3 

S ' 

;< . 

0.  1 

8 

S.  1 

S . 2 

s . 0 

S . ! 

0.  1 

9 

S . 0 

S . 0 

4 . 9 

S . 0 

0 . 1 

ID 

4 . 9 

4 . 9 

4 . 8 

4 . 9 

0 . 1 

IS 

4 . 3 

4 . 4 

4 . 1 

4 . 3 

0. 

.'0 

n • 

4 . 0 

3 . 8 

4 . 0 

0 . 3 

.'S 

J . v> 

3 . 8 

3 . 

3 . 4 

0 . 

3 0 

3.0 

. 8 

3 . 0 

0. 

3 S 

. 0 

. 9 

. 4 

. 8 

0 . 3 

4 0 

, . J 

. 8> 

. 1 

0 . 3 

4 S 

. 0 

. . J 

1 . 8 

. 0 

0 . 3 

SO 

1 . 8 

1 

l . 1' 

1 . 8 

0 . 3 

SS 

1 . S 

1 . 9 

l .4 

1 . 8 

0 . 3 

0 0 

1 . 4 

1 . 8 

t . 1 

1 .4 

0 . 4 

Table  A27 


Sediment  Oxygen  Demand:  Texas 

City  Channel 

Site  5 

Time 

(min) 

Dissolved 

Oxygen  (mg/l@21°C) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7.6 

7.4 

7.5 

7.5 

0.1 

1 

6.8 

6 . 8 

7.0 

6 . 9 

0.1 

2 

6.1 

6 . 3 

6 . 5 

6.3 

0.2 

3 

5.8 

6 . 0 

6 . 1 

6.0 

0 . 2 

4 

5 . 5 

5.7 

6 . 0 

5.7 

0 . 3 

5 

5.2 

5 . 5 

5.7 

5.5 

0.  3 

6 

5.1 

5.3 

5 . 6 

5 . 3 

0 . 3 

7 

5.0 

5.1 

5.5 

5.2 

0 . 3 

8 

4 . 8 

5.0 

5.4 

5.1 

0. 3 

9 

4.7 

4.9 

5.  3 

5.0 

0.3 

10 

4.6 

4. 8 

5.2 

4 . 9 

0.  3 

15 

4 . 2 

4.4 

5.0 

4 .4 

0 . 3 

20 

4 . 0 

4.0 

4.7 

4.2 

0.4 

25 

3.7 

3.8 

4.5 

4 . 0 

0.4 

30 

3.5 

3.6 

4. 3 

3.8 

0.4 

35 

3.3 

3.5 

4 . 1 

3.6 

0.4 

40 

3.2 

3.3 

4.0 

3.5 

0.4 

45 

3.0 

3.1 

3.9 

3.3 

0.5 

50 

2.9 

3.0 

3.8 

3.2 

0 . 5 

; 

2.7 

3.0 

3.7 

3.1 

0.5 

60 

2.6 

2.9 

3.6 

3.0 

0.5 

Sample 

size  - 3 cc 

• 

A31 


Site  6 


Time 

Dissolved 

Oxygen 

(mg/l@21°C) 

( mi  n ) 

Run  1 

Run  2 

Run 

3 X 

SD 

0 

8.0 

7.4 

7.4 

7.6 

0 . 3 

1 

7.2 

6 . 3 

6 . 9 

6.8 

0 . 5 

<y 

6 . 7 

5 . 8 

6 . 6 

6 . 3 

0.5 

3 

6.2 

5.4 

6 . 2 

5.9 

0 . 5 

4 

5 . 9 

5 . 1 

5.8 

5.6 

0.4 

5 

5.7 

4 . 9 

5.7 

5.4 

0.5 

6 

5 . 6 

4 . 7 

5.5 

5 . 3 

0 . 5 

7 

5.4 

4 . 5 

5 . 2 

5 . 0 

0.5 

8 

5.  2 

4 . 4 

5.1 

4 . 9 

0.4 

9 

5.  1 

4.2 

4 . 9 

4 . 7 

0.5 

10 

5.0 

4 . 1 

4.8 

4.6 

0.5 

15 

4 . 2 

3.5 

4 . 3 

4. 0 

0.4 

20 

3.8 

3.1 

3.9 

3.6 

0.4 

25 

3. 2 

2 . 7 

3 • 6 

3 . 2 

0.4 

30 

2.9 

2.3 

3 . 2 

2 . 8 

0.5 

35 

2.5 

2 . 1 

3.0 

2.5 

0.4 

40 

2.3 

1 . 8 

2.  8 

2 . 3 

0.5 

45 

2.0 

1.6 

2.5 

2.0 

0.4 

50 

1.7 

1.4 

2.3 

1 . 8 

0.5 

55 

1.5 

1.3 

2.  1 

1.6 

0.4 

60 

1.4 

1 . 1 

2.0 

1 . 5 

0.5 

Sample  size  - 3 cc . 
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Table  A29 


Sediment  Oxygen  Demand:  Galveston  Channel  Sediment 


Dissolved  Oxygen  (mg/1  @ 20°C) 

Time  Run  1 ( 5 cc)  fcun  2(3  cc)  Run  3 (2  cc) 

(min ) 


0 

8.6 

8 . 5 

8.6 

1 

8.0 

7.7 

8.1 

2 

6.2 

7.1 

7.6 

3 

5.6 

6 . 8 

7.4 

4 

5.2 

6 . 5 

7.1 

5 

4 . 9 

6.2 

6.9 

6 

4 . 5 

6 . 0 

6 . 8 

7 

4.  3 

5 . 9 

6 . 7 

8 

4.0 

5.8 

6 . 6 

9 

3.8 

5.6 

6 . 5 

10 

3.6 

5.5 

6.4 

15 

2.7 

4.9 

6 . 0 

20 

2.1 

4.5 

5.7 

25 

1.4 

4.1 

5.5 

30 

1.0 

3.8 

5.2 

35 

3.5 

5.0 

4 0 

3.3 

4 .9 

4 5 

3.1 

4.7 

50 

2 . 9 

4 . 6 

55 

2.  8 

4.5 

60 

2 . 6 

4 .4 

A3  3 


Table  A30 

Sediment  Oxygen  Demand:  Houston  Ship  Channel 
Site  1 Sediment 


T ime 

(min) 

Dissolved 

Oxygen  (mg/1 

(a  2 0°C ) 

Run  1 

Run  2 

Run  3 

Run  4 

X 

SD 

0 

7.3 

7 . 2 

7.2 

7.3 

7.2 

0.1 

1 

7.2 

6.9 

6.9 

7.3 

7 . 0 

0.2 

2 

6.8 

6.  5 

6.5 

6.8 

6.6 

0.2 

3 

6.7 

6.3 

6.3 

6.5 

6.4 

0.2 

4 

6.5 

6.1 

6.2 

6.4 

6.3 

0.2 

5 

6.4 

6.0 

6.1 

6.2 

6.2 

0.2 

6 

6.4 

5.9 

6.0 

6.1 

6.1 

0.2 

7 

6.3 

5.8 

5.9 

6.0 

6.0 

0.2 

8 

6.2 

5.7 

5.8 

5.9 

5.9 

0.2 

9 

6.2 

5.6 

5.7 

5.8 

5.8 

0.3 

10 

6.1 

5.6 

5.7 

5.8 

5.8 

0.2 

15 

5.8 

5.2 

5.3 

5.4 

5.4 

0.3 

20 

5.5 

5.0 

5.0 

5.1 

5.2 

0.2 

25 

5.2 

4.7 

4.6 

4.9 

4.8 

0.3 

30 

5.0 

4.4 

4.3 

4 . 6 

4.6 

0.3 

35 

4.7 

4.2 

4 . 0 

4.3 

4.3 

0.3 

40 

4.5 

4.0 

3.8 

4.1 

4.1 

0.3 

45 

4.3 

3.8 

3.6 

3.9 

3.9 

0.3 

50 

4.1 

3.6 

3.4 

3.7 

3.7 

0.3 

55 

3.9 

3.4 

3.2 

3.5 

3.5 

0.3 

60 

3.7 

3.2 

3.0 

3.3 

3.2 

0.3 

Sample  size  - 2 cc. 
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Table  A31 

Sediment  Oxygen  Demand:  Houston  Ship  Channel 


Site  2 Sediment 


Time 

Cmin) 

Dissolved 

Oxygen 

Cmg/1  @ 20°C) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7.4 

7.4 

7.4 

7.4 

0.0 

1 

7.1 

6.9 

7.0 

7.0 

0.1 

2 

6.8 

6.6 

6.7 

6.7 

0.1 

3 

6.6 

6.4 

6.5 

6.5 

0.1 

4 

6.4 

6.2 

6.3 

6.3 

0.1 

5 

6.3 

6.1 

6.2 

6.2 

0.1 

6 

6.2 

6.0 

6.1 

6.1 

0.1 

7 

6.1 

5.9 

6.0 

6.0 

0.1 

8 

6.0 

5.8 

5.9 

5.9 

0.1 

S 

6.0 

5.8 

5.8 

5.9 

0.1 

10 

5.9 

5.7 

5.8 

5.8 

0.1 

15 

5.6 

5.4 

5.4 

5.5 

0.1 

20 

5.3 

5.1 

5.0 

5.1 

0.2 

25 

5.0 

4.9 

4.7 

4.9 

0.2 

30 

4.9 

4.7 

4.5 

4.7 

0.2 

35 

4.6 

4.4 

4.2 

4.4 

0.2 

40 

4.4 

4.2 

4.0 

4.2 

0.2 

45 

4.2 

4.0 

3.7 

4.0 

0.2 

50 

4.0 

3.9 

3.5 

3.8 

0.3 

55 

3.9 

3.7 

3.3 

3.6 

0.3 

60 

3.7 

3.5 

3.1 

3.4 

0.3 

Sample  size  - 2 cc. 
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Table  A 


Sediment  Oxygen  Demand: 

Houston 

Ship 

Channel 

Site 

3 Sediment 

Time 

Dissolved 

Oxygen 

(mg/1 

(3  20° 

C) 

(min) 

Run  1 

Run  2 

Run  3 

K 

SD 

0 

7.2 

7 . 2 

7 . 2 

7 . 2 

0.0 

1 

6.3 

6.7 

6.4 

6 . 5 

0.2 

<7 

5.7 

5.9 

5.8 

5.8 

0.1 

3 

5.3 

5.5 

5.4 

5.4 

0.1 

4 

5.1 

5.3 

5.1 

5.2 

0.1 

5 

5.0 

5.1 

4.9 

5.0 

0.1 

6 

4.8 

4 . 9 

4.7 

4 . 8 

0.1 

7 

4.7 

4.8 

4.6 

4.7 

0.1 

8 

4.5 

4 .6 

4 . 5 

4.5 

0.1 

9 

4.4 

4 . 5 

4 . 3 

4.4 

0.1 

10 

4.3 

4.4 

4.2 

4 . 3 

0.1 

15 

3.9 

4.0 

3.8 

3 . 9 

0.1 

20 

3.6 

3.6 

3.4 

3.5 

0.1 

25 

3.3 

3.3 

3.1 

3 . 2 

0.1 

30 

3.1 

3.1 

2 . 9 

3.0 

0.1 

35 

2.8 

2.8 

2.7 

2.8 

0.1 

40 

2 . 6 

2.6 

2.5 

2.6 

0.1 

45 

2 . 4 

2.4 

2.3 

2.4 

0.1 

50 

2.3 

2.3 

2.2 

2.3 

0.1 

55 

2.2 

2.1 

2.0 

2.1 

0.1 

60 

2.0 

2.0 

1.9 

2.0 

0.1 

Sample  sine  - 1 ce. 


^ I 


Table  A33 

Sediment  Oxygen  Demand:  Port  Lavaca  Sediment  Sample 


1 


Time 
(Min ) 

Dissolved 

Oxygen 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7.6 

7 . 5 

7.5 

7.5 

0.1 

1 

6.9 

6.7 

6.6 

6.7 

0.2 

2 

6 . 5 

6.1 

6.0 

6 . 2 

0 . 3 

3 

6.2 

5 . 8 

5 . 7 

5 . 9 

0.  3 

4 

5 . 9 

5.5 

5.5 

5.6 

0.2 

5 

5 . 8 

5.4 

5 . 3 

5.5 

0.3 

6 

5.6 

5 . 3 

5 . 2 

5.4 

0.2 

7 

5 . 5 

5.1 

5 . 1 

5.2 

0.2 

8 

5 . 4 

5.0 

5.0 

5.1 

0.2 

9 

5.3 

4 . 9 

4 . 9 

5.0 

0 . 2 

10 

5 . 2 

4.  9 

4.8 

5.0 

0.  3 

15 

5 . 0 

4 . 5 

4.4 

4 . 6 

0 . 3 

20 

4 . 7 

4 . 2 

4 . 1 

4 . 3 

0 . 3 

25 

4 . 4 

4 . 0 

3.9 

4 . 1 

0.3 

30 

4 . 3 

3.8 

3.7 

3 . 9 

0.3 

35 

4 . 1 

3.7 

3 • 6 

3.8 

0.3 

40 

4.0 

3.6 

3.5 

3.7 

0.3 

45 

3.9 

3.4 

3.3 

3.5 

0.3 

50 

3.8 

3 . 3 

3.2 

3 . 4 

0 . 3 

b b 

3.7 

3.3 

3.2 

3.4 

0 . 3 

80 

3 . 6 

3.2 

3.1 

3 . 3 

0.3 

Sample  size  - 5 cc. 
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I 

Table  A3  5 

Sediment  Oxygen  Demand:  Duwamish  River  Site  2 Sediment 


Time 

(min) 

Dissolved 

Oxygen 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

8.0 

8.0 

8.0 

o 

00 

0 . 0 

1 

7.3 

7.2 

7 . 2 

7.2 

l — 1 

o 

2 

6.4 

6.4 

6 . 4 

6.4 

o 

o 

3 

5.9 

5.9 

5.9 

5.9 

0.0 

4 

5 . 6 

5 . 7 

5 . 7 

5 . 7 

0.1 

5 

5 . 4 

5.5 

5 . 5 

5.5 

0.1 

6 

5 . 2 

5.3 

5.3 

5 . 3 

0.1 

7 

5.0 

5.2 

5 . 2 

5.1 

0.1 

8 

5.0 

5.0 

5.1 

5 . 0 

0.1 

9 

4 . 8 

5.0 

5 . 0 

4.9 

0.1 

10 

4 . 7 

4 . 9 

4 . 9 

4 . 8 

0.1 

15 

4 . 2 

4.5 

4 . 5 

4.4 

0.2 

20 

3.9 

4 . 2 

4 . 2 

4.1 

0.2 

25 

3.6 

4.0 

4 . 0 

3.9 

0.2 

30 

3.4 

3.8 

3.8 

3 . 7 

0.2 

35 

3.2 

3.6 

3.6 

3.5 

0 . 2 

40 

3.1 

3.4 

3.4 

3.3 

0.2 

45 

3.9 

3.3 

3 . 3 

3 . 2 

0.2 

50 

2.7 

3.2 

3 . 2 

3 . 0 

0.3 

55 

2 . 6 

3.0 

3.1 

2 . 9 

0.3 

60 

2.5 

2.9 

3.0 

2 . 8 

0 . 3 

Sample  size  - 5 cc. 


A39 


Table  A3 6 

Sediment  Oxygen  Demand:  Duwamish  River  Site  3 Sediment 


Time 

(min) 

Dissolved 

Oxygen 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

8 . 0 

00 

o 

8.0 

8.0 

0.0 

1 

7.2 

7.2 

7.0 

7.1 

0.1 

2 

6.1 

6.4 

6.1 

6.2 

0.2 

3 

5 . 7 

6.0 

5 . 8 

OC 

to 

0.2 

4 

5.  3 

5 . 8 

5.5 

5.5 

0 . 3 

5 

5.1 

5 . 5 

5.2 

5 . 3 

0.2 

6 

4.9 

5.4 

5.1 

5.1 

0.3 

7 

4.7 

5.2 

4.9 

4.9 

0.3 

8 

4.5 

5.1 

4.8 

4 . 8 

0 . 3 

9 

4.4 

5.0 

4.6 

4 . 7 

0 . 3 

10 

4.3 

4.9 

4.5 

4.6 

0 . 3 

15 

3.8 

4 . 5 

4.0 

4.1 

0.4 

20 

3.4 

4.1 

3.7 

3.7 

0.4 

25 

3.2 

3.9 

3.4 

3.5 

0.4 

30 

2.9 

3.7 

3.2 

3.3 

0.4 

35 

2.7 

3.5 

3.0 

3.1 

0.4 

40 

2 . 5 

3.3 

2 . 8 

2 . 9 

0.4 

45 

2 . 3 

3.2 

2.6 

2.7 

0.5 

50 

2.2 

3.0 

2.5 

2 . 6 

0.4 

55 

2.0 

2.9 

2 . 3 

2.4 

0 . 5 

60 

1.9 

2.7 

2 . 2 

2.3 

0.4 

Sample  size  - 3 cc. 
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T.iMt*  A.iii 


Sediment  Oxygen  Demand ; 


Table  A39 


Sediment  Oxygen  Demand: 
Bay  Ridge  Channel  Sediment 


Time 

(min) 

Dissolved 

Oxygen 

(mg/l 

@ 2 2°C ) 

Run 

Run  2 

Run 

3 

X 

SD 

0 

7 . 

4 

7. 

4 

7 . 

4 

7. 

4 

0, 

.1 

1 

7. 

0 

7 . 

0 

6 . 

9 

7 . 

0 

0 . 

, 1 

2 

6 . 

7 

6 . 

8 

6 . 

6 

6 . 

7 

0 . 

. 1 

3 

6 . 

6 

6 . 

6 

6 . 

4 

6 . 

5 

0 . 

, 1 

4 

6. 

4 

6 . 

4 

6. 

3 

6 . 

4 

0, 

, 1 

5 

6 . 

3 

6 . 

3 

6. 

1 

6. 

2 

0, 

, 1 

6 

6 . 

2 

6 . 

2 

6 . 

0 

6 . 

1 

0. 

. 1 

7 

6. 

1 

6 . 

1 

5. 

9 

6. 

0 

0. 

, 1 

8 

6 . 

0 

6 . 

0 

5 . 

8 

5. 

9 

0. 

. 1 

9 

5. 

9 

5 . 

9 

5. 

7 

5 . 

8 

0. 

. 1 

10 

5. 

8 

5. 

8 

5. 

7 

5. 

8 

0. 

. 1 

15 

5. 

4 

5. 

4 

5 . 

2 

5. 

3 

0. 

, 1 

20 

5. 

1 

5. 

0 

4 . 

9 

5. 

0 

0. 

1 

25 

4 . 

8 

4 . 

7 

4 . 

5 

4 . 

7 

0. 

9 

> i- 

30 

4 . 

5 

4 . 

4 

4 . 

2 

4 . 

4 

0. 

o 

1 L 

35 

4. 

2 

4. 

1 

4. 

0 

4 . 

1 

0. 

. 1 

40 

4 . 

0 

3. 

9 

3 . 

7 

3 . 

9 

0 . 

, 2 

45 

3. 

7 

3 . 

6 

3. 

4 

3. 

6 

0. 

, 2 

50 

3 . 

5 

3 . 

4 

3 . 

2 

3 . 

4 

0. 

, 2 

55 

3. 

3 

3. 

2 

3. 

0 

3. 

2 

0 . 

2 

60 

3 . 

1 

3. 

0 

2. 

9 

3. 

0 

0. 

, 1 

Sample  size  - 2 ec. 
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Table  A40 

Sediment  Oxygen  Demand:  Mobile  Bay,  Alabama,  Site  1 


Time 

(min) 

Dissolved  Oxygen  (mg/1) 

Run  1 

Run  2 

Run  3 

SD 

0 

7.4 

7.4 

7.4 

7 .4 

0.0 

1 

6 . 5 

6 . 3 

6 . 3 

6 . 4 

0.1 

2 

5.7 

5 . 5 

b . l> 

5 . 6 

0.1 

3 

5.2 

5.0 

5.1 

5 . 1 

0.1 

4 

4.9 

4.7 

4 . 8 

4 . 8 

0 . 1 

5 

4 . 6 

4 . 4 

4 . 5 

4 . 5 

0.1 

6 

4 . 5 

4.1 

4 . 3 

4 . 3 

0 . 2 

7 

4 . 3 

4.0 

4 . 1 

4 . 1 

0 . 2 

8 

4.1 

3 . 8 

4.0 

4.0 

0.2 

9 

4.0 

3 . 6 

3.8 

3.8 

0.2 

10 

3.9 

3.5 

3.7 

3 . 7 

0 . 2 

15 

3.4 

3 . 0 

3.2 

3 . 2 

0 . 2 

20 

3.0 

2 .6 

2 . 8 

2.8 

0.2 

25 

2.7 

0 

L • L 

2.5 

2 . 5 

0 . 3 

30 

2.5 

2 . 0 

9 9 

0.3 

35 

2.2 

1.7 

2.0 

2.0 

0 . 3 

40 

2.1 

1.5 

1.7 

1.8 

0 . 3 

45 

1 . 9 

1.4 

1.5 

1.6 

0.3 

50 

1.8 

1.1 

1.3 

1.4 

0.4 

55 

1.6 

1.0 

1.2 

1.3 

0.3 

60 

1.5 

0 . 8 

1.1 

1.1 

0.4 

Sample  size  - 3 cc. 
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Table  A41 

Sediment  Oxygen  Demand:  Mobile  Bay,  Alabama,  Site  2 


Time 

(min) 

Dissolved  Oxygen  (mg/1) 

Run  1 

Run  2 

Run  3 

X 

SD 

0 

7.4 

7.4 

7.4 

7.4 

0.0 

1 

7.0 

6.5 

6.8 

6.8 

0.3 

2 

6.0 

5.8 

6.0 

5.9 

0.1 

3 

5.5 

5.4 

5.5 

5.5 

0.1 

4 

5.2 

5.2 

5.2 

5.2 

0.0 

5 

5.0 

5.0 

5.0 

5.0 

0.0 

6 

4.8 

4.9 

4.9 

4.9 

0.1 

7 

4.7 

4.8 

4.7 

4.7 

0.1 

8 

4.5 

4.6 

4.6 

4.6 

0.1 

9 

4.4 

4.5 

4.5 

4.5 

0.1 

10 

4.3 

4.4 

4.4 

4.4 

0.1 

15 

4.0 

4.0 

4.0 

4.0 

0.0 

20 

3.6 

3.8 

3.7 

3.7 

0.1 

2 5 

3.3 

3.5 

3.4 

3.4 

0.1 

30 

3.2 

3.3 

3.2 

3.2 

0.1 

35 

3.0 

3.2 

3.0 

3.1 

0.1 

40 

2.8 

3.0 

2.9 

2.9 

0.1 

45 

2.6 

2.8 

2.7 

2.7 

0.1 

50 

2.5 

2.6 

2.5 

2.5 

0.1 

55 

2.3 

2.5 

2.4 

2.4 

0.1 

60 

2.2 

2.4 

2.3 

2.3 

0.1 

V 


1 
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In  accordance  with  letter  from  PAF.N-R0C,  PAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 


Lee,  G Fred 

evaluation  of  the  elutriate  test  as  a method  of  predicting 
contaminant  release  during  open  water  disposal  of  dredged 
sediments  and  environmental  impact  of  open  water  dredged 
material  disposal;  Vol . 11:  Pata  report  / by  G.  Fred  Lee  ... 

|et  al.|,  Lnvi ronmental  Chemist ry,  Un i vers i ty  of  Texas  at 
Pallas,  Richardson,  Tex.  Vicksburg,  Miss.  : II.  S.  Waterways 
experiment  Station  ; Springfield,  Va . : available  from  National 
Technical  Information  Service.  1978. 

1 v.  in  2 : ill.  ; k'7  cm.  (Technical  report  - II.  S.  Army 
engineer  Waterways  experiment  Station  ; P-78-45,  v.J) 

Prepared  for  Office,  Chief  of  engineers,  U.  S.  Army,  Wash- 
ington. P.  C.  , under  Contract  Nos.  PACW39-75-C  010.'  and  PACW59- 
7b-G-01l7  (PMRP  Work  Unit  No.  llOSA/B) 

References:  p.  1 1 85  11  So. 

1.  Contaminants.  2.  Predged  material,  .x.  Predged  material 
disposal.  4.  elutriate  tests.  5.  environmental  effects, 
o.  Open  water  disposal.  7.  Sediment  sampling.  8.  Waste 

(Continued  on  next  card) 


Lee,  G Fred 

evaluation  of  the  elutriate  test  as  a method  of  predicting 
contaminant  release  during  open  water  disposal  of  dredged 
sediments  and  environmental  impact  of  open  water  dredged 
material  disposal;  Vol.  II:  Pata  report  ...  1978.  (Card  2) 

disposal  sites.  1.  Texas.  University  at  Pallas,  environmental 
Chemistry.  II.  United  States.  Army.  Corps  of  engineers. 

III.  Series:  United  States.  Waterways  experiment  Station, 
Vicksburg,  Miss.  Technical  report  ; P '8  IS,  x.2. 

TA’.Wij  no. P- 78-45  x.2 


